
N62661.AR 001552
NAVSTA NEWPORT RI

50903a

, "

" '
- .. , .

.·.. FE!asibllity'Study.

, -for
, "

I " \

" -

"

,OI'dJ,Fi~e "Fi'gh~rn:g"tr·ainil1g Area', , ' " '., ' ,
", Nav,a'r'Statio'n ,N'e~port -:,' ,', . .'
'Newport,.,:Rh~deIsla'rid" ,,'-

, ,
, ,

" ,

, '. , , ~ ) ,

"

, '.

:,Environm'enta-I' Fi'eld, Activity' Northeast. , ",', ':"", ' '
, ,;Nav~"I, F~c,ilities":E'ngi~Jeerin'g, C,()mma'n'd ',' "J~'.' , "

" ~ContractNumber N6'2472-90-0':1298' > " ' ,

" ,C-ontract'Task Orde'r'083'3 .', '" , ,~ , '
, '

"

, .

September 2002

(1t;)TETRATECH NUS, INC~· •.........

, 
, "

. . ~ . .





   

W5201240F -i- CTO 833 

 TABLE OF CONTENTS 
 
 
SECTION PAGE 
 
 EXECUTIVE SUMMARY ............................................................................................................ ES-1 
 
 1.0 INTRODUCTION............................................................................................................. 1-1 

1.1 REPORT ORGANIZATION ................................................................................. 1-1 
1.2 NAVSTA NEWPORT BACKGROUND INFORMATION....................................... 1-1 
1.3 OLD FIRE FIGHTING TRAINING AREA BACKGROUND INFORMATION.......... 1-2 
1.4 GEOLOGY AND HYDROGEOLOGY .................................................................. 1-4 
1.4.1 Regional Geology and Hydrogeology................................................................... 1-4 
1.4.2 Site Geology and Hydrogeology .......................................................................... 1-5 
1.5 TERRESTRIAL HABITATS ................................................................................. 1-7 
1.6 MARINE HABITATS............................................................................................ 1-8 
1.7 NATURE AND EXTENT OF CONTAMINATION................................................ 1-10 
1.8 FATE AND TRANSPORT.................................................................................. 1-12 
1.9 HUMAN HEALTH RISK ASSESSMENT............................................................ 1-13 
1.10 ECOLOGICAL RISK ASSESSMENT................................................................. 1-15 

 
 2.0 DEVELOPMENT OF REMEDIATION OBJECTIVES ...................................................... 2-1 

2.1 ARARs and TBCs................................................................................................ 2-1 
2.1.1 Chemical-Specific ARARs and TBCs................................................................... 2-2 
2.1.2 Location-Specific ARARs and TBCs.................................................................... 2-2 
2.1.3 Action-Specific ARARs and TBCs ....................................................................... 2-3 
2.2 DEVELOPMENT OF REMEDIAL ACTION OBJECTIVES ................................... 2-3 
2.2.1 Identification of Media of Concern ....................................................................... 2-3 
2.2.2 Medium of Concern: Soil ..................................................................................... 2-7 
2.2.3 Medium of Concern: Groundwater ..................................................................... 2-14 
2.2.4 Medium of Concern: Sediment .......................................................................... 2-16 
2.3 ESTIMATION OF AREAS AND VOLUMES....................................................... 2-25 
2.3.1 Soil.................................................................................................................... 2-25 
2.3.2 Groundwater...................................................................................................... 2-27 
2.3.3 Sediment........................................................................................................... 2-27 

 
 3.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES .......................................... 3-1 

3.1 GENERAL RESPONSE ACTIONS...................................................................... 3-1 
3.1.1 No Action ............................................................................................................ 3-2 
3.1.2 Limited Action ..................................................................................................... 3-2 
3.1.3 Containment........................................................................................................ 3-2 
3.1.4 Removal ............................................................................................................ 3-3 
3.1.5 Disposal .............................................................................................................. 3-3 
3.1.6 Treatment............................................................................................................ 3-3 
3.2 PRELIMINARY SCREENING OF TECHNOLOGIES AND PROCESS  

  OPTIONS FOR SOIL .......................................................................................... 3-4 
3.2.1 Preliminary Screening ......................................................................................... 3-4 
3.2.2 Evaluation of Technologies and Process Options ................................................ 3-4 
3.2.3 Representative Process Options for Soil............................................................ 3-27 
3.3 PRELIMINARY SCREENING OF TECHNOLOGIES AND PROCESS  

  OPTIONS FOR GROUNDWATER.................................................................... 3-29 
3.3.1 Preliminary Screening ....................................................................................... 3-29 
3.3.2 Evaluation of Technologies and Process Options .............................................. 3-29 
3.3.3 Representative Process Options for Groundwater ............................................. 3-51 

 



   

W5201240F -ii- CTO 833 

TABLE OF CONTENTS (cont.) 
 

 
SECTION PAGE 

 
3.4 PRELIMINARY SCREENING OF TECHNOLOGIES AND PROCESS  

  OPTIONS FOR SEDIMENT .............................................................................. 3-51 
3.4.1 Preliminary Screening ....................................................................................... 3-51 
3.4.2 Evaluation of Technologies and Process Options .............................................. 3-51 
3.4.3 Representative Process Options for Sediment................................................... 3-72 

 
 4.0 DEVELOPMENT AND SCREENING OF ALTERNATIVES FOR SOIL ........................... 4-1 

4.1 RATIONALE FOR DEVELOPMENT OF ALTERNATIVES................................... 4-1 
4.2 DESCRIPTION OF ALTERNATIVES .................................................................. 4-3 
4.2.1 Soil Alternative 1: No Action................................................................................ 4-4 
4.2.2 Soil Alternative 2: Removal, Ex situ Treatment, and Backfill ............................... 4-4 
4.2.3 Soil Alternative 3: Removal and Disposal ............................................................ 4-5 
4.3 DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES .................................... 4-6 
4.4 INDIVIDUAL ANALYSES OF SOIL ALTERNATIVES ........................................ 4-11 
4.4.1 Soil Alternative 1: No Action.............................................................................. 4-12 
4.4.2 Soil Alternative 2: Removal, Ex situ Treatment, and Backfill ............................. 4-14 
4.4.3 Soil Alternative 3: Removal and Disposal .......................................................... 4-19 
4.5 COMPARATIVE ANALYSIS OF SOIL ALTERNATIVES.................................... 4-22 

 
 5.0 DEVELOPMENT AND SCREENING OF ALTERNATIVES FOR GROUNDWATER ....... 5-1 

5.1 RATIONALE FOR DEVELOPMENT OF ALTERNATIVES................................... 5-1 
5.2 DESCRIPTION OF ALTERNATIVES .................................................................. 5-2 
5.2.1 Groundwater Alternative 1: No Action.................................................................. 5-2 
5.2.2 Groundwater Alternative 2: Limited Action........................................................... 5-2 
5.2.3 Groundwater Alternative 3: Extraction and Ex Situ Treatment ............................. 5-3 
5.3 DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES .................................... 5-4 
5.4 CRITERIA FOR DETAILED ANALYSIS............................................................... 5-4 
5.5 INDIVIDUAL ANALYSES OF GROUNDWATER ALTERNATIVES ...................... 5-8 
5.5.1 Groundwater Alternative 1: No Action.................................................................. 5-8 
5.5.2 Groundwater Alternative 2: Limited Action......................................................... 5-10 
5.5.3 Groundwater Alternative 3: Extraction and Ex Situ Treatment ........................... 5-13 
5.6 COMPARATIVE ANALYSIS OF GROUNDWATER ALTERNATIVES ............... 5-18 

 
 6.0 DEVELOPMENT AND SCREENING OF ALTERNATIVES FOR MARINE SEDIMENT... 6-1 

6.1 RATIONALE FOR DEVELOPMENT OF ALTERNATIVES................................... 6-1 
6.2 DESCRIPTION OF ALTERNATIVES .................................................................. 6-2 
6.2.1 Sediment Alternative 1: No Action....................................................................... 6-2 
6.2.2 Sediment Alternative 2: Limited Action................................................................ 6-3 
6.2.3 Sediment Alternative 3: Limited Removal and Disposal (Beach Area) ................. 6-4 
6.2.4 Sediment Alternative 4: Removal and Disposal Option A .................................... 6-7 
6.2.5 Sediment Alternative 5: Removal and Disposal Option B .................................. 6-10 
6.3 DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES .................................. 6-13 
6.4 CRITERIA FOR DETAILED ANALYSIS............................................................. 6-14 
6.5 INDIVIDUAL ANALYSES OF MARINE SEDIMENT ALTERNATIVES................ 6-17 
6.5.1 Sediment Alternative 1: No Action..................................................................... 6-17 
6.5.2 Sediment Alternative 2: Limited Action.............................................................. 6-19 
6.5.3 Sediment Alternative 3: Limited Removal and Disposal (Beach Area) ............... 6-22 
6.5.4 Sediment Alternative 4: Removal and Disposal Option A .................................. 6-27 
6.5.5 Sediment Alternative 5: Removal and Disposal Option B .................................. 6-32 
6.6 COMPARATIVE ANALYSIS OF SEDIMENT ALTERNATIVES.......................... 6-37 



   

W5201240F -iii- CTO 833 

TABLE OF CONTENTS (cont.) 
 
 

TABLES 
 
NUMBER 
 

1-1 Summary of Receptor Risks and Hazards for Soil 
1-2 Summary of Receptor Risks and Hazards for Sediment 
1-3 Summary of Receptor Risks and Hazards for Groundwater 
2-1 Potential Chemical-Specific ARARs and TBCs 
2-2 Potential Location-Specific ARARs and TBCs 
2-3 Potential Action-Specific ARARs and TBCs 
2-4 Risk-Based COPC Selection for Surface Soil 
2-5 Risk-Based COPC Selection for Subsurface Soil 
2-6 RIDEM-Based COPC Selection for Surface Soil 
2-7 RIDEM-Based COPC Selection for Subsurface Soil 
2-8 Selection of Soil COPCs Requiring Further Consideration 
2-9 Soil Preliminary Remediation Goals 
2-10 Selection of Soil COCs 
2-11 Surface Soil Concentrations Exceeding PRGs 
2-12 Subsurface Soil Concentrations Exceeding PRGs 
2-13 Groundwater Preliminary Remediation Goals 
2-14 Selection of Groundwater COCs 
2-15 Groundwater Concentrations Exceeding PRGs 
2-16 Summary of Sediment COPC Selection 
2-17 Summary of Sediment Preliminary Remediation Goals 
2-18 Selection of Sediment COCs 
2-19 Data for Selected Sediment COCs 
3-1 Identification and Preliminary Screening of Technologies and Process Options for Soil 
3-2 Representative Process Options for Soil 
3-3 Identification and Preliminary Screening of Technologies and Process Options for 

Groundwater 
3-4 Representative Process Options for Groundwater 
3-5 Identification and Preliminary Screening of Technologies and Process Options for Sediment 
3-6 Representative Process Options for Sediment 
4-1 Summary of Soil Alternatives 
4-2 Summary of Detailed Analyses of Alternatives for Soil Remediation 
4-3 Assessment of Chemical-Specific ARARs and TBCs, Soil Alternative 1: No Action 
4-4 Assessment of Location-Specific ARARs and TBCs, Soil Alternative 1: No Action 
4-5 Assessment of Action-Specific ARARs and TBCs, Soil Alternative 1: No Action 
4-6 Assessment of Chemical-Specific ARARs and TBCs, Soil Alternative 2: Removal, Ex Situ 

Treatment, Backfill 
4-7 Assessment of Location-Specific ARARs and TBCs, Soil Alternative 2: Removal, Ex Situ 

Treatment, Backfill 
4-8 Assessment of Action-Specific ARARs and TBCs, Soil Alternative 2: Removal, Ex Situ 

Treatment, Backfill 
4-9 Assessment of Chemical-Specific ARARs and TBCs, Soil Alternative 3: Removal and 

Disposal 
4-10 Assessment of Location-Specific ARARs and TBCs, Soil Alternative 3: Removal and 

Disposal 
4-11 Assessment of Action-Specific ARARs and TBCs, Soil Alternative 3: Removal and Disposal 
4-12 Summary of Comparative Analysis of Soil Alternatives 
5-1 Summary of Groundwater Alternatives 



   

W5201240F -iv- CTO 833 

TABLE OF CONTENTS (cont.) 
 

Tables (cont.) 
 

NUMBER 
 
5-2 Summary of Detailed Analyses of Alternatives for Groundwater Remediation 
5-3 Assessment of Chemical-Specific ARARs and TBCs, Groundwater Alternative 1: No Action 
5-4 Assessment of Location-Specific ARARs and TBCs, Groundwater Alternative 1: No Action 
5-5 Assessment of Action-Specific ARARs and TBCs, Groundwater Alternative 1: No Action 
5-6 Assessment of Chemical-Specific ARARs and TBCs, Groundwater Alternative 2: Limited 

Action 
5-7 Assessment of Location-Specific ARARs and TBCs, Groundwater Alternative 2: Limited 

Action 
5-8 Assessment of Action-Specific ARARs and TBCs, Groundwater Alternative 2: Limited Action 
5-9 Assessment of Chemical-Specific ARARs and TBCs, Groundwater Alternative 3: Extraction 

and Ex Situ Treatment 
5-10 Assessment of Location-Specific ARARs and TBCs, Groundwater Alternative 3: Extraction 

and Ex Situ Treatment 
5-11 Assessment of Action-Specific ARARs and TBCs, Groundwater Alternative 3: Extraction and 

Ex Situ Treatment 
5-12 Summary of Comparative Analysis of Groundwater Alternatives 
6-1 Summary of Sediment Alternatives 
6-2 Summary of Detailed Analyses of Alternatives for Sediment Remediation 
6-3 Assessment of Chemical-Specific ARARs and TBCs, Sediment Alternative 1: No Action 
6-4 Assessment of Location-Specific ARARs and TBCs, Sediment Alternative 1: No Action 
6-5 Assessment of Action-Specific ARARs and TBCs, Sediment Alternative 1: No Action 
6-6 Assessment of Chemical-Specific ARARs and TBCs, Sediment Alternative 2: Limited Action 
6-7 Assessment of Location-Specific ARARs and TBCs, Sediment Alternative 2: Limited Action 
6-8 Assessment of Action-Specific ARARs and TBCs, Sediment Alternative 2: Limited Action 
6-9 Assessment of Chemical-Specific ARARs and TBCs, Sediment Alternative 3: Limited 

Removal and Disposal (Beach Area) 
6-10 Assessment of Location-Specific ARARs and TBCs, Sediment Alternative 3: Limited 

Removal and Disposal (Beach Area) 
6-11 Assessment of Action-Specific ARARs and TBCs, Sediment Alternative 3: Limited Removal 

and Disposal (Beach Area) 
6-12 Assessment of Chemical-Specific ARARs and TBCs, Sediment Alternatives 4 and 5: 

Removal and Disposal 
6-13 Assessment of Location-Specific ARARs and TBCs, Sediment Alternatives 4 and 5: 

Removal and Disposal 
6-14 Assessment of Action-Specific ARARs and TBCs, Sediment Alternatives 4 and 5: Removal 

and Disposal 
6-15 Summary of Comparative Analysis of Sediment Alternatives 

 
 

FIGURES 
 
NUMBER  
 
 E-1 Approximate Depths of Soil Contaminants 
 E-2 Sediment Alternatives 2, 3, 4, and 5 Action Areas 

1-1 Site Locus 
1-2 NAVSTA Newport Sites and Study Areas 
1-3 OFFTA Location Map 
1-4 Site Plan 



   

W5201240F -v- CTO 833 

TABLE OF CONTENTS (cont.) 
 
 

FIGURES (cont.) 
 
NUMBER 
 

1-5 1953 Facility Design Map 
 1-6 1944 Aerial Photo –Coasters Harbor Island 

2-1 Soil Areas Exceeding PRGs  
2-2 Historical Features 
2-3 Approximate Depths of Soil Contaminants 
2-4 Groundwater Samples Exceeding PRGs 
2-5 Water Table Contours 
2-6 Sediment Areas Exceeding PRGs 
5-1 Groundwater Alternative 3 – Proposed Layout 
6-1 Sediment Alternative 3 – Area of Removal 
6-2 Sediment Alternative 4 – Area of Removal 
6-3 Temporary Excavator Causeway 
6-4 Sediment Alternative 5 – Area of Removal 

 
REFERENCES 

 
APPENDICES 
 

A EVALUATION OF THE GROUNDWATER TO SEDIMENT PATHWAY 
B GROUNDWATER RISK EVALUATION 
C PRG DEVELOPMENT FOR SOIL 
D PRG DEVELOPMENT FOR SEDIMENT 
E AREA AND VOLUME ESTIMATES 
F COST ESTIMATES 
G GROUNDWATER MODEL FOR CONTAMINANT REMOVAL BY FLUSHING 

 
 



   

W5201240F -1- CTO 833 

LIST OF ACRONYMS 
 

 
ACOE U.S. Army Corps of Engineers 

ARAR Applicable or Relevant and Appropriate Requirement  

AVS Acid Volatile Sulfides 

AWQC Ambient Water Quality Criteria 

BAF Bioaccumulation Factor 

bgs below ground surface 

B&RE Brown & Root Environmental 

BSAF Biota-Sediment Accumulation Factor 

CAA Clean Air Act 

CAD Contained Aquatic Disposal 

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 

CFR Code of Federal Regulations 

COC Chemical of Concern 

COPC Chemical of Potential Concern  

CRDL Contract Required Detection Limit 

CTE Central Tendency Exposure 

CWA Clean Water Act 

ELUR Environmental Land Usage Restriction 

EPA U.S. Environmental Protection Agency 

ERA Ecological Risk Assessment 

ER-L Effects Range-Low: NOAA Adverse Effects Benchmark Value For Sediment 

ER-M Effects Range-Median: NOAA Adverse Effects Benchmark Value For Sediment 

FDA U.S. Food and Drug Administration 

FFA Federal Facilities Interagency Agreement 

FS Feasibility Study 

GRA General Response Action 

HEAST Health Effects Summary Table 

HHRA Human Health Risk Assessment 

HI Hazard Index 

HQ Hazard Quotient  

IDL Instrument Detection Limit 



   

W5201240F -2- CTO 833 

LIST OF ACRONYMS (Continued) 
 
IEUBK Integrated Exposure and Uptake Biokinetic Model 

ILCR Incremental Lifetime Cancer Risk 

IRIS Integrated Risk Information System 

IRP Installation Restoration Program 

LDR Land Disposal Restriction 

LTTS Low-Temperature Thermal Stripping 

MCL Maximum Contaminant Level 

NAVSTA Naval Station  

Navy United States Navy 

NCP National Oil and Hazardous Substances Pollution Contingency Plan 

NETC Naval Education and Training Center 

NMFS National Marine Fisheries Service 

NOAA National Oceanic and Atmospheric Administration 

NOEC No Observed Effects Concentration 

NORTHDIV Northern Division 

NPL National Priorities List 

O&M Operation and Maintenance 

OFFTA Old Fire Fighting Training Area 

OSHA Occupational Safety and Health Administration 

OSWER Office of Solid Waste and Emergency Response 

PAH Polynuclear Aromatic Hydrocarbon 

PCB Polychlorinated Biphenyl 

PDI Pre-Design Investigation 

POTW Publicly Owned Treatment Work 

PPE Personal Protective Equipment 

PRG Preliminary Remedial Goal  

PVC Polyvinyl Chloride 

RAB Restoration Advisory Board 

RAO Remedial Action Objective 

RBC Risk-Based Concentration 

RCRA Resource Conservation and Recovery Act 



   

W5201240F -3- CTO 833 

LIST OF ACRONYMS (Continued) 
 
RfD Risk Reference Dose 

RI Remedial Investigation 

RIDEM Rhode Island Department of Environmental Management 

RIDOT Rhode Island Department of Transportation 

RME Reasonable Maximum Exposure 

ROD Record of Decision 

RPO Representative Process Option 

SAIC Science Applications International Corporation 

SARA Superfund Amendments and Reauthorization Act 

SEM Simultaneously Extracted Metal 

SER Shore Establishment Realignment Program 

SPLP Synthetic Precipitation Leaching Procedure 

SVOC Semivolatile Organic Compound 

TAL Target Analyte List 

TBC To Be Considered 

TCL Target Compound List 

TCLP Toxicity Characteristic Leaching Procedure 

TCR Tissue Concentration Ratio 

TE Toxicity Equivalency 

TEV Toxicity Effects Value 

TEV-HQ Toxicity Effects Value - Hazard Quotient  

TEQ Toxicity Equivalency 

TOC Total Organic Carbon 

TPH Total Petroleum Hydrocarbons 

TRC TRC Environmental Corporation  

TSCA Toxic Substances Control Act 

TSDF Treatment, Storage, and Disposal Facility 

TtNUS Tetra Tech NUS, Inc. 

UCL Upper Confidence Limit 

URI University of Rhode Island 

USDA U.S. Department of Agriculture 

USFWS U.S. Fish and Wildlife Service 

UTL Upper Tolerance Limit 

VOC Volatile Organic Compound 

WQSV Water Quality Screening Value 

 



W5201240F ES-1 CTO 833 

EXECUTIVE SUMMARY 

 

OVERVIEW 

 

This Feasibility Study (FS) describes the process used to evaluate a variety of approaches to address 

contaminated soil, groundwater, and marine sediment at the Old Fire Fighting Training Area at Naval 

Station Newport in Newport, Rhode Island.  Three alternatives are presented for consideration as the 

Navy’s cleanup strategy for the soil, three alternatives are presented for consideration for groundwater, 

and five alternatives are presented for consideration for the marine sediment located along the shoreline 

and near shore portions of the site. 

 

This report does not recommend selection of any of the alternatives, it provides a basis for the 

comparison of each alternative for each media. 

 

BACKGROUND 

 

The Navy used the information from several studies to develop the FS.  These studies included several 

phases of remedial investigations, a human health risk assessment, and a marine ecological risk 

assessment.  The main findings of these investigations pertinent to this FS are summarized below. 

 

Results of the investigations indicated that site activities have resulted in the release of both organic and 

inorganic contaminants.  Semivolatile organic compounds, metals, and one pesticide exceeded 

regulatory levels for residential use of the soil at the site.  For groundwater, one metal and one volatile 

organic exceeded the drinking water criteria at the site.  For sediment, semi-volatile organic compounds 

and one metal exceeded concentrations protective of human health and the environment.  In addition to 

the contaminated soil and sediment at the site, various types of debris, including granite blocks, concrete 

slabs, bricks, and asphalt, are present in the mounds at the site, in the subsurface, and along the 

shoreline. 

 

A human health risk assessment was performed to evaluate exposure to surface soil, subsurface soil, 

shoreline sediment, and shellfish (lobsters, clams, and mussels).  The risk assessment considered 

exposures under a residential scenario, recreational and visitor scenarios, and a worker scenario, as well 

as ingestion of shellfish taken recreationally and for subsistence.  For surface soil, subsurface soil, and 

shoreline sediment, the cancer risks for the residential scenario were within the U.S. Environmental 

Protection Agency's (EPA’s) target risk range of 1 x 10-4 to 1 x 10-6 but exceeded Rhode Island's 

acceptable risk level of 1 x 10-5.  For shellfish ingestion, the cancer risks exceeded EPA’s and Rhode 

Island’s acceptable risk levels under the subsistence fishing and lifetime recreational scenarios for 
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lobster, clams, and mussels, although this risk was based on the form of arsenic that may not be toxic.  

None of the media or exposure scenarios posed an unacceptable non-cancer risk. 

 

A groundwater risk evaluation was performed to estimate the potential risks to human health resulting 

from the presence of contamination in groundwater and to provide the basis for determining appropriate 

remedial measures, if any, for this medium as part of the FS.  The resulting estimated reasonable 

maximum exposure (RME) incremental cancer risks for a lifetime resident using groundwater as a 

potable water supply was 1.2 x 10-3, which exceeds EPA’s target risk range of 1 x 10-4 to 1 x 10-6 and 

RIDEM’s benchmark of 1 x 10-5.  Non-carcinogenic risks for the residential child and residential adult 

both exceed an HI of 1.0.  The evaluation was based on an implausible scenario of unrestricted 

residential groundwater use as the primary drinking water source for future on-site residents. While 

drinking and bathing uses of groundwater do not currently exist, this use is evaluated for future activities.  

 
An ecological risk assessment was performed to assess ecological risks to the offshore environments of 

Coasters Harbor and Narragansett Bay from contaminants associated with the site and included 

exposure and effects assessments, a characterization of risk, risk synthesis, and uncertainty analysis. 

Sample stations were rated based on whether there is high, intermediate, and low probability for adverse 

risk (exposure and response measured in test organisms) to receptors present at those stations.  The 

assessment found a high probability for adverse risk at one station along the central shoreline of the site. 

 Intermediate probability for risk (more than one exposure and/or response noted but no correlation 

found) was estimated for a number of stations at the near shore area and in the harbor sediment, and low 

probability for adverse risk (exposure or response, but no correlation found) was estimated for the 

remainder of the stations.  

 

Stations with high probability for ecological risk are those where exposure to contaminants is evident, 

and a direct negative effect from that exposure is also found.  Stations with intermediate probability for 

ecological risk are those which showed evidence of exposure or effects to organisms, but these 

exposures and effects are not linked.  Stations with low probability for risk are those that show minimal 

evidence of negative effects from contaminants, and no exposure-response relationships present.  A 

baseline condition is noted if no contaminant exposure or negative effects to organisms (associated with 

relatively pristine conditions) are found.  The baseline condition was not observed at any of the stations 

evaluated in this assessment, including the off-site reference stations. 

 

AREAS AND VOLUMES 

 

Based on current data, the area of the onshore soil to be addressed at the site is approximately 229,000 

square feet (5.3 acres) and the volume of impacted soil and debris is approximately 48,500 cubic yards. 

This area is presented on Figure E-1.  Approximately 85,013 square feet (2.0 acres) of sediment will be 
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addressed, corresponding to approximately 6,006 cubic yards.  Of these amounts, 2,039 square feet 

(0.05 acre) is currently occupied by eelgrass beds. This area is presented on Figure E-2.   

 

FEASIBILITY STUDY PROCESS 

 

The FS identified preliminary remediation goals (PRGs) for the soil and the marine sediment at the site.  

PRGs are concentrations of chemicals that, if allowed to remain in the soil, groundwater, and marine 

sediment, are not anticipated to pose an increased risk of adverse effects to human health or the 

environment.  Soil, groundwater, and sediment that contain concentrations of contaminants in excess of 

the PRGs were identified and used to delineate the areas that may require remediation or risk 

management. 

 

The FS evaluated a range of options to address the soil, groundwater, and marine sediment.  Current 

technologies were evaluated to determine if they could be effectively used to protect human health and 

the environment by containing, removing, or treating the contaminants and if they could be implemented 

in the areas where the contaminants are present.  General technology options assessed were removal 

and or treatment of contaminated materials, on-site treatment, off-site disposal, establishing land use 

restrictions, restricting access to the site, and monitoring concentrations to assess any changes in site 

conditions and risk. 

 

The remedial action alternatives developed to address the contaminants at the site were evaluated 

against seven criteria identified in the National Contingency Plan: overall protection of human health and 

environment, compliance with environmental laws, long-term effectiveness, reduction of toxicity through 

treatment, short-term effectiveness, implementability, and cost (for a 30-year period).  Two additional 

criteria identified in the National Contingency Plan, state and public acceptance, will be evaluated in the 

Record of Decision following the receipt of public and regulatory comments on the Final Feasibility Study 

and the proposed remedial action plan. 

 

Remedial alternatives were developed for the three identified media at the site: the onshore area of soil, 

groundwater, and the marine sediment, which includes the beach and near shore area.  The alternatives 

evaluated for the soil are (1) no action, (2) removal, treatment, and backfill, and (3) removal and 

disposal.  The alternatives evaluated for the groundwater are (1) no action, (2) establishing 

environmental land use restriction and monitoring contaminant decrease after soil removal, and (3) 

removing the groundwater for treatment then disposal.  The alternatives evaluated for the marine 

sediment are (1) no action, (2) limited action with long-term monitoring (established as an interim action), 

(3) limited removal and disposal (beach area), (4) removal and disposal option A (beach and some 

subtidal area), and (5) removal and disposal option B (all sediments exceeding PRGs, even those in 
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sensitive habitats).  The FS discusses how each alternative meets the seven criteria and evaluates how 

well each alternative compares to the others. 

 

SUMMARY OF SOIL ALTERNATIVES 

 

Soil Alternative 1, a no action alternative, serves as a baseline consideration or addresses sites that do 

not require active remediation.  This alternative assumes that no remedial action would occur.  No land 

use restrictions would be implemented, and there would be no monitoring of conditions.  Natural 

attenuation could reduce concentrations of chemicals to some extent, but the progress of attenuation 

would not be monitored.  Since contaminants would remain at the site, a 5-year review would be required 

under law.  The present worth cost of this alternative is estimated at $70,000. 

 

Soil Alternative 2 would reduce risks by addressing contaminated soil through excavation and on-site 

treatment.  This alternative would offer aggressive remediation through excavation and treatment by low-

temperature thermal stripping and soil washing to reduce the contaminant concentrations to levels below 

PRGs.  Low-temperature thermal stripping uses direct or indirect heating to thermally desorb or volatilize 

organic contaminants present in soil.  Soil washing involves treating soil with wash liquids that would 

separate the contaminants from the soil media. Removal would involve the excavation of surface and 

subsurface soils using trackhoes.  An estimated 48,500 cubic yards of soil and debris would be 

excavated and segregated for treatment or disposal.  The contaminated portion of the excavated 

material would be treated on site.  Much of the debris would fall into the category of non-hazardous 

waste and could be disposed of at a municipal landfill.  Treated soil would be used for backfilling 

excavated areas.  The present worth cost of this alternative is estimated at $14,192,000. 

 

Soil Alternative 3 would reduce risks by addressing contaminated soil through excavation and disposal.  

This alternative would provide remediation through excavation and transportation of contaminated soil to 

a landfill or a treatment, storage, and disposal facility (TSDF).  If the excavated soil meets the 

requirements for use as a daily cover for a municipal landfill, contaminated soil would be disposed of at 

permitted landfill; however, if the soil requires treatment, disposal at a TSDF would be preferred.  An 

estimated 48,500 cubic yards of soil and debris would be excavated, segregated, and disposed of off 

site.  Much of the debris would fall into the category of non-hazardous waste and could be disposed of at 

municipal landfill.  The present worth cost of this alternative is estimated at $9,751,000. 

 

SUMMARY OF GROUNDWATER ALTERNATIVES 

 

Groundwater Alternative 1, a no action alternative, serves as a baseline consideration.  This alternative 

assumes that no remedial action would occur.  No land use restrictions would be implemented, and there 
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would be no monitoring of conditions.  Natural flushing of the aquifer would reduce concentrations of 

chemicals to some extent, but the progress of and parameters for such attenuation would not be 

monitored.  Since contaminants would remain at the site, 5-year reviews would be required under law.  

The present worth cost of this alternative is estimated at $70,000. 

 

Groundwater Alternative 2 would be limited to institutional controls and long term monitoring.  This 

alternative would be instituted to prevent use of groundwater for general consumption and monitor the 

improvement of the groundwater after the source of contaminants (soil) is removed from the site.  A 

property use restriction would be imposed to prevent use of groundwater for public water supply.  

Monitoring would be conducted over time to evaluate groundwater quality.  Basic groundwater models 

predict that petroleum-related organic compounds would be naturally flushed out of the system within 19 

years, although the metals, which are, in part, natural components of the soils and bedrock, would not be 

flushed out for a long time.   The present worth cost of this alternative is estimated at $543,000. 

 

Groundwater Alternative 3 would address contaminated groundwater through removal and treatment of 

groundwater from the site.  This alternative would involve installation of new extraction wells, and 

pumping those wells to collect the water, then treatment of that water through two processes:  Ion 

exchange system would remove metals from the water, and a granular activated carbon system would 

remove the organic contaminants.   Treated water could be used for aquifer recharge or be disposed of 

at the local POTW.  An estimated 5.5 million gallons of water would be treated and disposed of over 

every 12 months to capture contaminants.  While organic contaminants would be removed within the 30 

year performance period, the metals would not be removed for a long time due to their propensity to 

adhere to soil particles.  Groundwater monitoring would also take place during the treatment period, and 

5 year reviews would be conducted to evaluate the effectiveness of the alternative.  The present worth 

cost of this alternative is estimated at $2,128,000. 

 

SUMMARY OF MARINE SEDIMENT ALTERNATIVES 

 

Sediment Alternative 1, a no action alternative, would involve no remedial response activities but 

provides a baseline for comparison to other alternatives.  Since contamination would remain and 

unrestricted future use of the near shore environment would be allowed, 5-year reviews of the no action 

decision would be required.  The present worth cost of this alternative is estimated at $70,000. 

 

Sediment Alternative 2 is a limited action alternative that has been developed to reduce exposure to 

humans and to monitor improvement in the sediment conditions after removal of the on-site 

contamination source (soils). Under this alternative, a railing-style fence and signs would be erected 

along the high tide line at the site to restrict people from accessing the sediments at the shoreline, thus 
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reducing their exposure.  The sediment conditions would be monitored periodically to determine if the 

removal of the contaminated soils on site results in an overall reduction in contaminant concentrations in 

the sediment.  This alternative would be implemented as an interim action, to allow reevaluation of 

additional necessary actions after a period of monitoring.  This alternative does not provide a reduction 

of toxicity, mobility or volume through treatment. Because contamination would remain, 5-year reviews 

of the alternative would be required to evaluate the risks to human health and the environment posed by 

the site in the future.  The present worth cost of this alternative is estimated at $653,000. 

 

Sediment Alternative 3 was developed to reduce the on-site toxicity, mobility, and volume of 

contaminated beach sediment through removal and disposal. Sediment along the beach would be 

removed using appropriate excavation techniques and disposed of off site. This alternative does not 

provide a reduction of toxicity, mobility or volume through treatment.  In order to provide protection 

against near shore sediment, long-term monitoring would be in place.  The present worth cost of this 

alternative is estimated at $3,605,000. 

 

Sediment Alternative 4 was developed to reduce the on-site toxicity, mobility, and volume of 

contaminated beach and near shore sediment through removal and disposal while providing protection to 

potential eelgrass beds.  Sediment within the eelgrass beds would remain intact while the rest of the 

contaminated sediment would be removed from the beach and near shore area using appropriate 

excavation techniques and disposed of off site. This alternative does not provide a reduction of toxicity, 

mobility or volume through treatment.  The eelgrass beds cover about 0.05 acres of area.  Sediment 

associated with eelgrass beds accounts for approximately 1 percent of the volume of contaminated 

sediment.  Because this sediment would remain, long-term monitoring and 5 year reviews would be 

required.  The present worth cost of this alternative is estimated at $3,922,000. 

 

Sediment Alternative 5 was developed to provide a remedial action that eliminates the on-site toxicity, 

mobility, and volume of contaminated marine sediment through removal and disposal.  Sediment would 

be removed from the beach and near shore areas using appropriate excavation techniques and disposed 

of off site. This alternative does not provide a reduction of toxicity, mobility or volume through treatment. 

These areas include those presented in Alternative 4 as well as potential eelgrass beds. The present 

worth cost of this alternative is estimated at $4,095,000. 
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1.0  INTRODUCTION 

 

This Feasibility Study (FS) report has been prepared for the Old Fire Fighting Training Area (OFFTA) site 

(Site 09), located at Naval Station Newport (NAVSTA Newport) in Newport, Rhode Island (formerly the 

Naval Education and Training Center [NETC]).  The FS is submitted in fulfillment of the Remedial 

Investigation/Feasibility Study (RI/FS) for the site.  The RI/FS was initiated by TRC Environmental 

Corporation (TRC) on behalf of the United States Navy (Navy) under Contract Number 

N62472-86-C-1282 for the Northern Division Naval Facilities Engineering Command (NORTHDIV).  The 

RI/FS is being completed by Tetra Tech NUS, Inc. (TtNUS), formerly Brown & Root Environmental 

(B&RE), on behalf of the Navy under Contract Number N62472-90-D-1298 for NORTHDIV. 

 

1.1  REPORT ORGANIZATION 

 

This FS report has been divided into six sections, with tables and figures presented in back of the text.  

This section of the report, Section 1.0, provides background information on the OFFTA site, including the 

site location and description; site history; site geology and hydrogeology; terrestrial and marine habitats; 

contaminant nature and distribution in the media of concern; and the results of the site investigations and 

risk assessments.  Section 2.0 describes the development of remediation goals, including identification 

of potential applicable or relevant and appropriate requirements (ARARs), media and chemicals of 

concern (COCs) for the FS, and development of preliminary remediation goals (PRGs) and remedial 

action objectives (RAOs).  Section 3.0 describes the general response actions (GRAs) and presents the 

identification and preliminary screening of potential remedial technologies and the detailed evaluation of 

candidate technologies and process options.  Sections 4.0, 5.0, and 6.0 describe the remedial alternative 

development process and provide detailed descriptions of the proposed remedial alternatives for soil, 

groundwater, and marine sediment, respectively.  These sections also provide a detailed analysis of 

remedial alternatives on the basis of the evaluation criteria specified by the National Oil and Hazardous 

Substances Pollution Contingency Plan (NCP), 40 Code of Federal Regulations (CFR) 300, and a 

comparative analysis of the remedial alternatives. 

 

1.2  NAVSTA NEWPORT BACKGROUND INFORMATION 

 

NAVSTA Newport is located approximately 60 miles southwest of Boston, Massachusetts, and 25 miles 

south of Providence, Rhode Island.  It occupies approximately 1,063 acres, with portions of the facility 

located in the City of Newport and Towns of Middletown, Portsmouth, and Jamestown, Rhode Island.  

The facility layout is long and narrow, following the western shoreline of Aquidneck Island for nearly 6 

miles facing the east passage of Narragansett Bay.  General location maps of the NAVSTA Newport are 

provided as Figures 1-1 and 1-2. 
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The NAVSTA Newport facility has been in use by the Navy since the era of the Civil War.  During World 

Wars I and II, military activities at the facility increased significantly and the base provided housing for 

many servicemen.  In subsequent peacetime years, use of on-site facilities was slowly phased out until 

Newport became the headquarters of the Commander Cruiser-Destroyer Force Atlantic in 1962.  In April 

1973, the Shore Establishment Realignment Program (SER) resulted in the reorganization of naval 

forces, and activity again declined.  This reorganization resulted in the Navy excessing some 1,629 acres 

of its 2,420 acres.  Portions of the facility are currently leased by the Navy to the State of Rhode Island 

Port Authority and Economic Development Corporation.  Some of these areas are, in turn, subleased to 

private enterprises. 

 

From 1974 to the present, research and development and training have been the primary activities at 

Newport.  The base was renamed Naval Station Newport in 1998.  The major commands currently 

located at NAVSTA Newport include the Naval Education and Training Center, Surface Warfare Officers 

School Command, Naval Undersea Warfare Center, and the Naval War College. 

 

The entire NAVSTA Newport was listed on the U.S. Environmental Protection Agency (EPA) National 

Priorities List (NPL) of abandoned or uncontrolled hazardous waste sites in November 1989.  (The NPL 

listing is still under the old name of Naval Education and Training Center.)  The NPL identifies those sites 

that pose a significant threat to human health and the environment.  Several sites on the base are 

currently being studied by the Navy under the Department of Defense Installation Restoration Program 

(IRP).  This program is similar to the EPA's Superfund Program authorized under the Comprehensive 

Environmental Response, Compensation, and Liability Act (CERCLA) in 1980, as amended by the 

Superfund Amendments and Reauthorization Act (SARA) in 1986. 

 

A Federal Facilities Agreement (FFA) for NAVSTA Newport was signed by the Navy, the State of Rhode 

Island, and the EPA on March 23, 1992.  The FFA outlines response action requirements under the 

Department of Defense IRP at NAVSTA Newport.  The FFA was developed, in part, to ensure that 

environmental impacts associated with past and present activities at NAVSTA Newport are thoroughly 

investigated and remediated, as necessary.  

 

1.3  OLD FIRE FIGHTING TRAINING AREA BACKGROUND INFORMATION 

 

The OFFTA site is located at the northern end of Coasters Harbor Island (see Figure 1-3).  The site 

occupies approximately 5.5 acres and is bordered by Taylor Drive to the south and is surrounded by 

Coasters Harbor (part of Narragansett Bay) to the east, north, and, west.  The site contains a picnic area, 

playground, and baseball field.  A one-story concrete block building (Building 144) is located along the 
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southern side of the site.  The building and recreational facilities at the site are not currently in use.  

Access to the site is restricted by a chain link fence along its eastern, southern, and western sides. 

 

Unique topographic features at the site include three soil mounds: one that is approximately 20 feet high 

(30 feet above mean low water) located in the center of the site, another that is approximately 6 feet high 

(16 feet above mean low water) located on the western side of the site, and a third smaller mound at the 

far west end of the site.  The rest of the site is generally flat, with surface elevations ranging from 8 to 12 

feet above mean low water.  With the exception of the baseball infields, the site is entirely vegetated with 

grass.  A site plan is presented as Figure 1-4. 

 

The site was home to a Navy fire fighting training facility from World War II until 1972.  During the 

training operations, fuel oils were ignited in various structures at the site that simulated shipboard 

compartments, and then extinguished by sailors.  The general layout of the training facility is shown on a 

1953 drawing, which details the planned design of the facility (Figure 1-5).  It is not known whether the 

facility was constructed exactly as shown on this design drawing; however, a 1944 aerial photo of 

Coasters Harbor Island (Figure 1-6) confirms that the drawing is a reasonable representation of the 

facility at that time. 

 

It was reported that the two buildings labeled "Carrier Compartment" on Figure 1-5 had a water/oil 

mixture injected into them which was set on fire for fire fighting practice.  Underground piping reportedly 

carried the water/oil mixture to the buildings and from the buildings to the oil-water separator shown on 

the figure. No other known information is available concerning the prior fire fighting training operations. 

 

The fire fighting training facility was closed in 1972.  Upon closure, the training structures were reportedly 

demolished and buried in mounds on the site, and then the entire area was covered with topsoil.  The 

site was then converted to a recreational area with a playground, a picnic area with an open pavilion and 

barbecue grills, and a baseball field.  The field was dedicated on July 4, 1976, and used as a recreational 

area until its closure in October 1998 due to potential environmental and human health concerns. 

 

In its 22 years of use as a recreational area, the site was used for organized activities including youth day 

camps, picnic functions, and little league baseball (1 year only), as well as for general recreation.  A child 

day care center operated out of Building 144 on the site from approximately 1983 through January 1994 

when it was relocated off site to a larger facility on base. 

 

Aerial photos and facility maps for the period from 1939 through 1988 were reviewed to better evaluate 

the site history.  Activity on the site appears to date back to approximately 1943.  A 1953 facility design 

map (Figure 1-5) indicates the locations of structures and site features associated with fire fighting 
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training exercises.  An aerial photo taken in May 1944 (Figure 1-6) depicts the site with structures in a 

similar layout to that shown on the 1953 facility design map.  Based on the design map and subsequent 

facility condition maps, on-site structures included an administration building, hose house, two carrier 

compartments, smothering pit, separator pit, foam pit, simulated ship structures, suction pumps, and oil 

tanks. 

 

The indexes that accompanied some of the facility conditions maps indicate that the on-site structure 

that was used in recent years as a day care center was once used as "wash and dressing rooms."  No 

significant visible site changes are noted from 1944 until a 1975 aerial photo of the site, when the 

structures and facilities associated with the fire fighting training area are no longer evident, with 

exception of the "hose house" and day care center structure.  As of 1987, the site appears similar to its 

current condition, with soil mounds visible in the central and western portions of the site and a pavilion in 

the east-central portion of the site. 

 

The remedial investigation was initiated when construction activities in 1987 unearthed petroleum 

contaminated subsurface soil. 

 

1.4  GEOLOGY AND HYDROGEOLOGY 

 

This section presents a summary of the regional and site geologic and hydrogeologic features.  This 

information is based on the RI drilling program and data from previously published literature and reports 

of other contractors, which are presented in the RI Report (TtNUS, 2001). 

 

1.4.1  Regional Geology and Hydrogeology 

 

The NAVSTA Newport site is located at the southeastern end of the Narragansett Basin.  The rocks of 

the Narragansett Basin are non-marine sedimentary rocks of Pennsylvanian age.  The bedrock at the 

NAVSTA Newport facility is almost entirely of the Rhode Island Formation.  A few areas of thick 

conglomerates are present within the Rhode Island Formation.  They consist of pebbles, cobbles, and 

boulders interbedded with sandstone and graywacke.  Coasters Harbor Island (Figure 1-3) is mostly 

covered with this conglomerate material.  Overlying the Pennsylvanian rocks of the Narragansett Basin 

are surficial deposits of Pleistocene sediments.  These unconsolidated, glacial sediments range in 

thickness from 1 to 150 feet and consist of till, sand, gravel, and silt. 

 

Many areas on Aquidneck Island, on which the NAVSTA Newport is located, obtain potable water from 

wells.  Groundwater is obtained from the unconsolidated glacial till and outwash deposits, and from the 

underlying Pennsylvanian bedrock.  The average depth to groundwater is 14 feet.  In the NAVSTA 
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Newport area, glacial till deposits are typically less than 20 feet thick.  Well yields in these materials 

range from 1 to 120 gallons per minute.  Although till is considered an unconsolidated deposit, the upper 

limit of this well yield is likely from an outwash deposit that is well sorted and stratified.  Till wells typically 

yield a few hundred gallons of water per day, or less than 1 gallon per minute.  Bedrock well yields range 

from less than 1 to as much as 55 gallons per minute and are highly dependent on the presence of joints 

and fractures.  Most groundwater is soft or moderately hard.  In scattered locations, pumping has led to 

salt water intrusion. 

 

1.4.2  Site Geology and Hydrogeology 

 

The geologic and hydrogeologic conditions at the OFFTA site have been determined using data from the 

various site investigations.  This evaluation indicates that the site is underlain by the following materials: 

fill, consisting of construction debris and sand and gravel; silty sand and gravel; sand and gravel; peat 

and silt layer; and glacial till, consisting of silt sand and gravel.  The thickness of the overburden deposits 

range from about 6 to 27 feet thick, excluding the elevated mound areas located on the site.  The data 

from the monitoring wells indicate that the groundwater table occurs in the overburden across most of the 

site, but the water table lies in the bedrock in the eastern and southeastern portions of the site. 

 

Soil present at the OFFTA site consists of native soil as well as imported soil used as fill and top soil in 

the various stages of the site’s development. Upon closure of the fire fighting training facility in 1972, the 

training structures were reportedly demolished and buried in two mounds on the site, and the entire area 

was covered with topsoil.  The origin of the imported soil is unknown. 

 

The native soil was produced by the combination of physical and chemical processes acting upon the 

glacial till and regional and local bedrock materials present, which determine the mineralogical and 

chemical composition of the soil.  The bedrock in the area (Rhode Island Formation) contains beds of 

meta-anthracite and anthracite that may be associated with elevated concentrations of arsenic and 

beryllium.  Arsenic and beryllium are trace constituents of anthracite and other coal and petroleum-

related minerals. It appears that the rock is a similar type (classic metasedimentary rock type containing 

carbonate and sulfide minerals) to the bedrock that has been associated with elevated arsenic 

concentrations in groundwater in various locations throughout New England.  If this rock type does 

contribute high levels of arsenic to groundwater, it is likely that soils generated from degradation of this 

material would also be anomalously high in arsenic and potentially other constituents, such as beryllium, 

related to the high carbon content (i.e., graphite, anthracite coal).  

 

The bedrock at the site has been described as a conglomerate.  The bedrock may contain localized units 

of sandstone.  In addition, the conglomerate is believed to be in contact with the Rhode Island 
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Formation.  The Rhode Island Formation consists of metaconglomerates and metasandstones, as well as 

schist, carbonaceous schist, and graphite.  The bedrock in the central portion of the site was blasted as 

part of the development of the site.  The blasting may have increased the fracture density in the bedrock 

in the areas of blasting and resulted in localized areas of higher hydraulic conductivity. 

 

The groundwater elevations indicate that the groundwater at the site in general flows toward 

Narragansett Bay and Coasters Harbor located to the north to northwest and the east to northeast of the 

site, respectively. The depth to groundwater ranges from 4 to 9 feet below ground surface (bgs).  Further 

review of the groundwater maps indicates that locally the groundwater flow can be impacted by 

groundwater recharge events such as rainstorms.  This change in the groundwater flow pattern is 

believed to be caused by the presence of relatively impermeable paved areas on the site and adjacent to 

the site.  These paved areas reduce the rate of groundwater recharge compared to the unpaved areas of 

the site. 

 

A tidal influence study indicates that a tidal influence is felt along the shoreline in both the overburden 

and bedrock aquifers, but this influence does not extend beyond the shoreline. 

 

The vertical groundwater gradients observed at monitoring well clusters indicate that both upward and 

downward vertical gradients were observed during the investigation (TtNUS, 2001).  The vertical 

gradients in the upgradient monitoring well cluster MW-6 vary seasonally in response to changes in 

seasonal recharge events.  The direction and magnitude of the vertical gradients in the shoreline well 

clusters MW-2 and MW-11 appear to be influenced by the changes in surface water elevations caused 

by the tides. 

 

The horizontal groundwater gradients at the site were greater in the central and eastern portions of the 

site.  The western portion of the site had a smaller gradient compared to the eastern portions of the site.  

This smaller gradient is due to the greater thickness of the overburden at this location. 

 

The hydraulic conductivity of the overburden and bedrock aquifers was estimated using slug tests.  This 

testing indicated that the hydraulic conductivity in the bedrock ranged from 0.61 feet per day at MW-6R 

(bedrock well) to 120 feet per day at MW-11S (overburden well).  The well screen at MW-11S is set in fill 

material that includes construction debris and is not considered to be representative of the natural 

deposits.  Hydraulic conductivity in the natural overburden deposits at the site ranges from 0.74 to 41 

feet per day.  The higher values are associated with the sand and gravel deposits at the site, and the 

lower values are associated with the silty sandy gravels. The highest bedrock hydraulic conductivity 

measured was at monitoring well MW-8.  This well is located in the area of the site where blasting was 

conducted as part of the site development activities. 



W5201240F 1-7 CTO 833 

The estimated average linear groundwater velocity at the site ranged from 0.39 feet per day to 3.1 feet 

per day.  The higher values were calculated for the western portion of the site where the hydraulic 

conductivity of the overburden is greatest. 

 

The overall conclusions regarding the site hydrogeology are as follows: 

 
•  Groundwater flows from the site and any potential source areas toward Narragansett Bay and 

Coasters Harbor. 

 
•  The groundwater flow rate is higher in the overburden compared to the bedrock aquifer. 

 
•  The groundwater migrates at the site at an estimated rate of between 145 feet per year (0.39 feet 

per day) and 1,131 feet per year (3.1 feet per day).  At this rate of groundwater movement, it is 

estimated that groundwater from the upgradient side of the site would discharge into the surface 

water within 1 to 2 years or sooner.  The actual time would depend on the location of the release 

relative to the surface water and the actual groundwater velocity. 

 

1.5  TERRESTRIAL HABITATS 

 

In 1976, OFFTA was converted from a training facility to a maintained recreational area called Katy 

Field. After the fire fighting activities ceased and the facility was demolished, the site was covered by a 

layer of topsoil ranging from 0.5 to 2 feet in depth.  A playground, a picnic area with an open pavilion and 

barbecue grills, and a baseball field were constructed on the property.  The terrestrial habitat of the 

OFFTA property is a maintained (i.e., mowed) grass lawn.  The lawn extends north to the shoreline but is 

not found around the baseball infield, some of the playground areas, and areas otherwise occupied by 

buildings or pavement.  A few trees, Austrian black pines and red cedars, are growing on the property 

(SAIC, 2000). In November 1998, the property was enclosed with a chain-link fence, and the recreational 

facility was closed. 

 

The gravel and cobble shoreline to the north shows signs of erosion from wave action.  Stone and 

construction debris have been placed in this area in an effort to retain the bank and reduce erosion. 

Construction debris includes granite blocks, concrete slabs, bricks, and asphalt. 

 

In 1994, surveys conducted by Menzie-Cura & Associates, Inc., identified habitats and wildlife in the 

vicinity of OFFTA.  The methods and detailed results of those surveys are reported in the Menzie-Cura & 

Associates 1994 report (SAIC, 2000). 
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1.6  MARINE HABITATS 

 

The marine habitat discussion presented in this section is based on data collected during the marine 

Ecological Risk Assessment (ERA) for the OFFTA.  Refer to the Ecological Risk Assessment Report 

(SAIC, 2000) for complete details. 

 

Coasters Harbor is a shallow cove connected to the East Passage of Narragansett Bay.  The harbor is 

open at each end, north and south of Coasters Harbor Island.  A wide mouth faces west at the north end 

of the island, and a narrow opening at the head faces south at the south end of the island.  The depth of 

the harbor at the mouth is approximately 20 feet at mean low water.  At the head, the depth of the harbor 

is approximately 3 feet at mean low water.  A tidal difference of approximately 3.5 feet has been 

recorded for Coasters Harbor.  Circulation patterns and energies within the harbor are dominated by the 

tides and wind-driven flow.  Hydrographic studies performed in 1996 indicate that water enters and exits 

at both the west and south openings and does not show a consistent directional flow pattern (Kincaid, 

Ellis, and DeLeo, 1996). 

 

The estuarine system in the vicinity of OFFTA primarily includes subtidal environments, sand- or silt-

substrate, with some eelgrass.  The dominant taxa in the silty, subtidal, infaunal communities (less than 

60 percent sand content) of Coasters Harbor included the bivalve Nucula proxima, oligochaetes species 

(aquatic worms), and the arthropod Microdeutopsis.  The sandy, intertidal, infaunal communities (greater 

than 70 percent sand content) were found north of Coasters Harbor.  Organisms and species that 

numerically dominated the benthic community at sandy intertidal stations included the snail Littorina 

littorea, the blue mussel Mytilus edulis, and, to a lesser extent, oligochaetes (SAIC, 2000). 

 

The infaunal benthic, epibenthic, and pelagic communities in Coasters Harbor represent important 

marine habitats.  Infaunal benthic communities exist within sediment depositional areas.  Epibenthic 

communities exist on sediment depositional areas.  Pelagic communities exist within the open water.  

Species within some of these communities are highlighted below. 

 

The blue mussel is an epibenthic species.  This species is a locally abundant and ecologically important 

filter-feeding bivalve found in subtidal and intertidal habitats.  It is an important food source for fish, 

birds, starfish, and occasionally humans (SAIC, 2000).  In the ERA this species was identified as a target 

receptor in the intertidal environment.  Blue mussels in Coasters Harbor were considered surrogates for 

epibenthic species that are potentially exposed to water-borne and particulate-bound contaminants, 

which presumably originate from OFFTA.  
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The lobster (Homarus americanus) is also an epibenthic species.  This species is locally abundant and 

an ecologically and economically important subtidal crustacean which feeds opportunistically as a 

scavenger.  It is an important food source for fish and humans (SAIC, 2000).  In the ERA this species 

was identified as a target epibenthic receptor in the subtidal environment.  Lobsters in Coasters Harbor 

are potentially exposed to bulk sediment and water-borne contaminants, which presumably originate 

from OFFTA. 

 

Hard clams (Mercenaria mercenaria/Pitar morrhuana) represent infaunal benthic species.  These bivalve 

filter feeders are locally abundant, ecologically and economically important, and they provide a food 

source for birds and occasionally humans.  In the ERA these species were identified as target receptors 

in the subtidal environment.  Mercenaria mercenaria was used in the ERA as an indicator species for 

infaunal bivalves.  Hard clams in Coasters Harbor are potentially exposed to bulk sediment and 

porewater contaminants, which presumably originate from OFFTA.  In Narragansett Bay, Mercenaria 

mercenaria is an important commercial species for Rhode Island. 

 

Cunner (Tautogolabrus adspersus) are pelagic finfish species.  These species are locally abundant and 

ecologically important estuarine fish, which feed opportunistically upon both plants and animals (SAIC, 

2000).  They may serve as an important food source for birds and other fish.  In the ERA these species 

were identified as target receptors in the pelagic community.  Cunner were considered a surrogate for 

other pelagic fish species potentially exposed to contaminants in bulk sediment and the water column, 

which presumably originate from OFFTA. 

 

Other species found during field investigations of the marine environment include oysters and bay 

scallops.  Both of these bivalves are epibenthic and very important, both commercially and ecologically. 

Their presence in this area shows evidence of overall good health of the epibenthic environment in the 

subtidal areas.  The benthic community is ecologically important and serves as a major food source for 

birds and fish, as well as for benthic and epibenthic invertebrates.  As a whole, this community is 

potentially exposed to bulk sediment and water-borne contaminants, which presumably originate from 

OFFTA. 

 

Note that the Rhode Island Department of Environmental Management (RIDEM) has designated the area 

of Narragansett Bay along the NAVSTA Newport shoreline, including Coasters Harbor, as a shellfish 

closure area due to known or potential sewage discharges in the area.  However, the effectiveness of the 

ban for preventing shellfishing is uncertain, and the ban applies only to a few species of shellfish 

(bivalves only); it does not apply to lobster or finfish. 
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1.7  NATURE AND EXTENT OF CONTAMINATION 

 

Results of the investigations indicated that site activities have resulted in the release of both organic and 

inorganic contaminants.  A summary of the nature and extent of site contamination follows.  A few 

volatile organic compounds (VOCs) were detected in surface soil, subsurface soil, and shoreline 

sediment at low concentrations below RIDEM residential soil criteria.  VOCs were also detected in 

groundwater at concentrations below RIDEM criteria, although benzene exceeded its maximum 

contaminant level (MCL) promulgated under the Safe Drinking Water Act. 

 

Semivolatile organic compounds (SVOCs) were detected in all media across the site.  The most 

prevalent detected SVOCs were polynuclear aromatic hydrocarbons (PAHs).  PAHs were detected at 

their highest concentrations in surface and subsurface soil and groundwater sample locations adjacent to 

Coasters Harbor.  PAHs were also detected in all shoreline sediment locations, marine sediment stations, 

and storm water samples.  The highest concentrations in marine sediment were detected at sampling 

stations nearest the shore in the vicinity of the central portion of the site.  Only non-carcinogenic PAHs 

were detected in storm water samples.  PAHs were detected in biota samples from all sampling stations. 

 In clam tissue samples, the highest concentrations were detected in samples northwest of the site and at 

the reference station.  In blue mussel tissue samples, the highest concentrations were detected in 

samples near the shore east of the site and at the reference station.  In lobster tissue samples, the 

highest concentrations were detected in samples from a distant area opposite the central portion of the 

site.  In fish tissue samples, the highest concentrations were detected in samples nearest the shore in the 

vicinity of the central portion of the site.  Concentrations of PAHs in surface soil, subsurface soil, and 

shoreline sediment exceeded RIDEM Residential Direct Exposure Criteria for soil.  Other SVOCs, other 

than PAHs, were detected infrequently and in low concentrations in surface soil and subsurface soil; 

none of these exceeded RIDEM Residential Direct Exposure Criteria for soil.  They were also detected in 

groundwater at concentrations below RIDEM criteria.  However, 2-methylnaphthalene, dibenzofuran, and 

naphthalene exceeded the EPA Region IX screening levels. 

 

Pesticides were detected in surface soil and subsurface soil across the site, in storm water, marine 

sediment, and in biota samples.  Only one pesticide, endrin, was detected in groundwater.  All pesticide 

concentrations were low.  Among biota, the highest pesticide concentrations were detected in lobster. 

The highest marine sediment pesticide concentrations were detected offshore east of the site. 

 

Polychlorinated biphenyls (PCBs) were detected infrequently in surface and subsurface soil at 

concentrations below RIDEM Residential Direct Exposure Criteria for soil.  PCBs were detected 

frequently in biota tissue samples.  In clam tissue samples, the highest concentrations were detected in 

samples offshore near the central portion of the site.  In blue mussel tissue samples, the highest 
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concentrations were detected in samples near the shore in the vicinity of the central portion of the site.  

In lobster tissue samples, the highest concentrations were detected in samples from a distant area 

opposite the central portion of the site.  In fish tissue samples, the highest concentrations were detected 

in samples in the nearshore area at the west end of the site.  The fish tissues were found to contain 

higher concentrations of PBCs relative to other organisms. 

 

Metals were detected throughout the site.  Many are the result of the natural breakdown of soils and the 

parent bedrock and are naturally occurring in low concentrations.  Concentrations of metals in site soil 

and groundwater were compared to site-specific background or upgradient samples.  In general, metals 

were detected in higher concentrations on site.  In surface soil the metals detected most frequently at 

concentrations greater than background were arsenic, magnesium, and potassium.  Arsenic, beryllium, 

lead, and manganese in surface soil exceeded the RIDEM Residential Direct Exposure Criteria for soil. 

The highest concentrations of arsenic were detected in surface soil from the central portion of the site.  In 

subsurface soil the metals detected most frequently at concentrations greater than background were 

barium, calcium, copper, lead, potassium, and zinc.  Arsenic, antimony, beryllium, lead, and manganese 

in subsurface soil exceeded the RIDEM Residential Direct Exposure Criteria for soil.  The highest 

concentrations of arsenic were detected in subsurface soil from the central portion of the site. The Navy’s 

background study showed that on Coasters Harbor Island background arsenic concentrations are higher 

in the subsurface soils than in the surface soils. The elevated arsenic concentrations in the Coasters 

Harbor Island soils may be attributable to the composition of the local and regional bedrock formations 

and the shallow depth of bedrock and glacial till in the area (TtNUS, 2000).   

 

A background soil investigation was conducted on the overburden soils on Coasters Harbor Island.  This 

investigation evaluated soil conditions across the island, and samples from two depths were analyzed for 

selected metals including arsenic.  This investigation found elevated levels of arsenic on undeveloped 

portions of the island, at varying depths.  Higher concentrations were found in samples directly above 

bedrock, and none were found to be below the RIDEM direct exposure criteria for soils at residential 

property.  Average background concentrations were measured at 5.5 mg/kg for surface and 42.8 mg/kg 

for subsurface soils.  The investigation resulted in a negotiated background soil concentration for arsenic 

being established at 6.2 mg/kg. 

 

Concentrations of metals in site groundwater were compared to upgradient samples.  In groundwater the 

metals detected most frequently at concentrations greater than upgradient groundwater samples were 

calcium, iron, magnesium, potassium, and sodium.  Lead exceeded its MCL concentration; all other 

metals in groundwater were below their respective MCLs.  Arsenic, barium, cadmium, chromium, lead, 

manganese, vanadium, and zinc exceeded the EPA Region IX screening levels.  The highest 

concentrations of metals were detected in samples from the north and central portions of the site.  Nickel 
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and copper concentrations in storm water samples exceeded marine ambient water quality criteria 

(AWQC). 

 

Metal concentrations detected in shoreline sediment were comparable to surface soil samples.  Arsenic, 

beryllium, lead, and manganese in shoreline sediment exceeded the RIDEM Residential Direct Exposure 

Criteria for soil.  (Because there are no sediment benchmarks against which to compare, the shoreline 

sediment samples, which are directly accessible when walking on the shore, were compared with soil 

standards.)  No spatial pattern was evident for metals in marine sediment samples.  Metals detected in 

biota samples revealed no relative differences between samples and no differences from reference 

stations, with the exception of silver concentrations in lobster.  Concentrations of silver in lobster tissue 

samples obtained from the western boundary of the study area were greater than other areas. 

 

All surface soil samples analyzed for dioxins detected low dioxin concentrations toxicity equivalency 

(TEQ) well below the accepted dioxin residential clean-up goal of 1 ug/kg. 

 

1.8  FATE AND TRANSPORT 

 

Spills and leaks of petroleum-based fuels and deposition of fuel combustion byproducts have introduced 

a wide range of petroleum hydrocarbons into the OFFTA site soil.  Over the many years since fire 

fighting training activities have ceased, most of the volatile and soluble petroleum hydrocarbons have 

apparently partitioned to the vapor phase or dissolved phase and have been degraded or transported off 

site, leaving behind a relatively insoluble and recalcitrant petroleum residue.  The much less soluble and 

volatile PAHs are still present at high concentrations in the soil in the central portion of the site.  These 

contaminants will continue to leach into the groundwater, but the solubility and adsorptive properties of 

these contaminants should keep groundwater PAH concentrations low.  The migration of these 

contaminants into the nearshore sediment is not expected to be significant.  Further discussion on this 

groundwater to sediment pathway is presented in Appendix A.  As stated in the RI Report, the PAHs in 

the nearshore marine sediment likely originated from off-site as well as on-site sources. 

 

Some of the arsenic and chromium in the OFFTA soil and groundwater may be naturally occurring.  The 

near neutral pH and low dissolved oxygen content of the groundwater enhance the mobility of arsenic.  

By contrast, the presence of organic carbon in the soil zone and reducing conditions in the aquifer reduce 

the mobility of chromium in both environments.  Off-site sources are probably a major contributor to the 

high chromium concentrations observed in marine sediment. 

 

Lead concentrations in soil samples were often much higher than those in background samples, 

indicating the presence of lead contamination in the site soil.  The lead appears to be immobilized by 
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mineral solubility constraints and adsorption to soil organic matter, clay minerals, and metal 

oxyhydroxides.  The lead in the marine sediment probably originated from both on-site and off-site 

sources. 

 

1.9  HUMAN HEALTH RISK ASSESSMENT 

 

The Baseline Human Health Risk Assessment (HHRA) evaluated exposure to surface soil, subsurface 

soil, shoreline sediment, and shellfish (lobsters, clams, and mussels).  Although finfish samples were 

collected at the site, the fish collected are not an edible species, and it is believed that the shellfish 

ingestion would pose a higher and thus more conservative risk.  This risk assessment considered 

exposures under a CERCLA residential scenario, a recreational scenario (considered a limit restricted 

recreational scenario under RIDEM's regulations), a visitor scenario, and a worker scenario, as well as 

ingestion of shellfish taken recreationally and for subsistence.  Summaries of the risks and hazards 

resulting from soil, sediment, and groundwater are presented in Tables 1-1, 1-2 and 1-3, respectively.  

The EPA's target risk range is 1 x 10-4 to 1 x 10-6, and RIDEM's benchmark is 1 x 10-5. 

 

For surface soil, the cancer risks under the residential, recreational, and worker scenarios were 

2.5 x 10-5, 5.4 x 10-6, and below 1 x 10-6, respectively.  For subsurface soil, cancer risks under the 

residential and worker scenarios were 4.0 x 10-5 and 1.4 x 10-6, respectively.  No recreational exposures 

were calculated for subsurface soil.  Non-cancer risks for surface and subsurface soil under all scenarios 

did not exceed 1.0 for any target organ group. 

 

EPA has reevaluated reference values for dioxin and related compounds, and this reassessment is in 

review.  EPA has requested that in the meantime, site data be evaluated by comparing the dioxin toxicity 

equivalency factor (TEQ) for the site data to the published oral slope factor of 1.5 x 10-5 (mg/kg/day)-1, 

and also the proposed slope factor of 1.0 x 10-6 (mg/kg/day)-1.  Because this proposed value was not 

provided during the development of the Remedial Investigation for the OFFTA site, the risk assessment 

was performed using the older, published value.  However, in completion of this FS, the dioxin data has 

been reviewed in accordance with the EPA request, and it is noted that while dibenzofurans were 

detected at very low concentrations in the surface soil at the site, 2,3,7,8-TCDD (dioxin) was not, 

providing a maximum TEQ value of 0.0164 ug/kg.  With such a low dioxin TEQ, dioxin and its related 

dibenzofuran compounds would not be selected as COPCs.  Thus if the risk assessment was redone 

using the proposed dioxin slope factor, there would be no change to the findings already published.  

 

For shoreline sediment (sediment collected from the area between mean high water and mean low 

water), the cancer risks under the residential and recreational (shoreline visitor) scenarios were 2.2 x 10-5 
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and 1.6 x 10-6, respectively.  Non-cancer risks for shoreline sediment did not exceed 1.0 for any target 

organ group.  Subtidal sediment was not evaluated under the human health risk scenarios. 

 

For shellfish ingestion, the cancer risks exceeded the risk range of 1 x 10-4 to 1 x 10-6 under the 

subsistence fishing and lifetime recreational scenarios for lobster, clams, and mussels.  The primary 

contributor to these risks is arsenic, and other contributors include PCBs, PAHs, mercury, cadmium, and 

chromium as calculated from analytical results.  Non-cancer risk exceeded 1.0 under the subsistence 

fishing scenario for lobster, clams, and mussels.  The target organs and the principal COPCs contributing 

to the non-cancer risk were skin (arsenic and PCBs), CNS (mercury), kidney (cadmium and chromium), 

and eye (PCBs).  Although the total non-cancer risk exceeded 1.0 under the child and adult recreational 

scenarios for lobster, clams, and mussels, the risks did not exceed an HI of 1.0 for any target organ 

group for any of these scenarios except child exposure to clams.  For that scenario, one target organ, 

skin, exhibited an HI greater than 1.0, for which the principal COPCs contributing to the non-cancer risk 

were arsenic and PCBs. 

 

Note that the subsistence fishing scenario is not likely to exist and is unlikely in the future because of the 

unsubstantiated assumption that all of the fisherman's catch would be obtained continually from waters 

adjacent to the OFFTA site, and because there are no local cultures (such as Native Americans) 

involved in subsistence fishing in this limited area. 

 

Arsenic is present in fish and shellfish tissue in the organic form of arsenobetanine, which is non-toxic. 

The risk calculations are performed based on the presence of this arsenic in its inorganic form. 

Therefore, the risk values for seafood ingestion from this site are biased high and could be 

overestimated by as much as a factor of 10.  In addition, the exposure scenarios used for the risk 

assessment, particularly the use of subsistence fishing, are biased high, and it is highly unlikely that 

exposures to the degree used for risk estimation could effectively be achieved. 

 

A groundwater risk evaluation was performed to estimate the potential risks to human health resulting 

from the presence of contamination in groundwater and to provide the basis for determining appropriate 

remedial measures, if any, for this medium as part of the FS.  The resulting estimated reasonable 

maximum exposure (RME) incremental cancer risks for a lifetime resident exposed to groundwater was 

1.2 x 10-3, which exceeds EPA’s target risk range of 1 x 10-4 to 1 x 10-6 and RIDEM’s benchmark of 1 x 

10-5.  Non-carcinogenic risks for the residential child and residential adult both exceed an HI of 1.0, 

indicating the need to segregate groundwater risks according to target organ.  For the residential child 

receptor, the target organs exceeding 1.0 and the principal COPCs contributing to noncancer risk were: 

CNS (HI of 43 - manganese), skin and vascular system (HI of 12.4 - arsenic), kidney (HI of 2.7 - barium, 

cadmium, chromium, and dibenzofuran), weight loss (HI of 2.3 - naphthalene and 2-methylnaphthalene, 
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and blood (HI of 1.3 - benzene and zinc).  The evaluation was based on the scenario of unrestricted 

residential groundwater use as the primary drinking water source for future on-site residents.  This 

scenario is unlikely based on the groundwater classification, the salinity of groundwater at the site, and 

the availability of nearby alternative potable water supplies.   

 

Drinking and bathing uses of groundwater are currently not present, and the proximity to the ocean and 

salinity measured in the groundwater indicates that groundwater use as a water supply is implausible at 

the site.  However,  this scenario is used in this study for comparison purposes.   

 

1.10  ECOLOGICAL RISK ASSESSMENT 

 

The ERA (SAIC, 2000) was performed to assess ecological risks to the offshore environments of 

Coasters Harbor and Narragansett Bay from contaminants associated with OFFTA and included 

exposure and effects assessments, a characterization of risk, risk synthesis, and uncertainty analysis. 

 

Risks were identified by stations based on summaries of each weight of evidence, focusing on the 

exposure (contaminants present) correlated to effects (reproduction and growth inhibitions, etc).  Stations 

were rated from these summaries to exhibit properties where there is high, intermediate, and low 

probability for adverse risk to receptors present at those stations. 

 

The assessment found a high probability for adverse risk at one station (Station 5), close to the outfall at 

the central shoreline of the site, likely from PAHs and metals present at this area.  Intermediate 

probability for risk was estimated for a number of stations at the nearshore area and in the harbor 

sediment, including one reference station south of Coasters Harbor, but because a clear exposure-

response relationship was not found, it is not certain that stresses to test organisms are from site 

contaminants present, or from other sources or factors. Low probability for adverse risk was estimated 

for the remainder of the stations, including one reference station and the nearshore stations more 

exposed to rough water conditions.  The observed risks at these stations are considered acceptable from 

an ecological perspective.  A baseline condition associated with relatively pristine conditions was not 

observed at any of the site or reference stations evaluated in this assessment. 

 

Ecological risks have been qualitatively evaluated.  According to RIDEM's National Heritage Program 

(RIDEM, 1994), rare plants or animals or ecologically significant natural communities are not present in 

the vicinity of the OFFTA site.  In addition, RIDEM conducted an endangered species survey of several 

Navy facilities including NAVSTA Newport in 1989 (RIDEM, 1989).  At that time, the potential for any 

rare species to occur at NAVSTA Newport was considered extremely low.  Little habitat is available for 

rare species in the area of NAVSTA Newport because of heavy development throughout much of the 
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area, particularly the on shore portions of Coasters Harbor Island, the location of the OFFTA site.  Based 

on this information, threatened and endangered species are not likely to be of concern at the on-shore 

portions of the OFFTA site. 

 

However the marine portions of the site are of more ecological significance.  Eelgrass beds not 

previously identified by RIDEM were found on the northwest section of the study area.  There is a healthy 

subtidal community in the subtidal area near the site, as documented during eelgrass surveys conducted 

by the Navy in July and November 2001.  Both Kemps Ridley and Loggerhead turtles are known to be 

present in Narragansett Bay. 
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2.0  DEVELOPMENT OF REMEDIATION OBJECTIVES 

 

This section presents the initial steps in developing remedial alternatives to address the human health 

and ecological concerns identified at OFFTA and to comply with all applicable regulations.  The process 

includes: 

 

•  Identifying ARARs and other environmental criteria that must be considered in developing RAOs 

(Section 2.1). 

 

•  Developing media-specific RAOs that are protective of human health and the environment and 

comply with ARARs.  RAOs may specify COCs, exposure pathways and receptors, and 

preliminary remediation goals (PRGs) that identify potentially acceptable contaminant levels or 

ranges of levels for each exposure route (Section 2.2). 

 

•  Developing initial estimates of areas or volumes of media that should be addressed by the 

remedial alternatives (Section 2.3). 

 

After these steps are completed, GRAs that will satisfy the site-specific RAOs can be formulated, and 

applicable technologies identified and evaluated.  GRA development and technology identification, 

screening, and evaluation are presented in Section 3.0. 

 

2.1  ARARs AND TBCs 

 

ARARs and guidance to be considered (TBCs) are the regulatory and non-regulatory environmental 

criteria that must be considered while planning and implementing remedial actions.  This section 

summarizes what constitutes ARARs and TBCs, and the various types of ARARs that must be 

considered in the FS. 

 

ARARs are promulgated federal and state environmental and facility siting requirements that are 

determined to be legally applicable or relevant and appropriate to the hazardous substances, remedial 

actions, or other circumstances at a CERCLA site.  The two categories of requirements are defined 

below. 

 

•  Applicable Requirements - Section 300.5 of the NCP defines applicable requirements as "those 

cleanup standards, standards of control, and other substantive requirements, criteria, or 

limitations promulgated under federal environmental or state environmental or facility siting laws 
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that specifically address a hazardous substance, pollutant, contaminant, remedial action, 

location, or other circumstance found at a CERCLA site." 

 

•  Relevant and Appropriate Requirements - Section 300.5 of the NCP defines relevant and 

appropriate requirements as "those cleanup standards, standards of control, and other 

substantive requirements, criteria, or limitations promulgated under federal environmental or 

state environmental or facility siting laws that, while not 'applicable' to a hazardous substance, 

pollutant, contaminant, remedial action, location, or other circumstance at a CERCLA site, 

address problems or situations sufficiently similar to those encountered at the CERCLA site that 

their use is well suited to the particular site." 

 

The NCP Section 300.430(E) states that on-site remedial actions at CERCLA sites must meet ARARs 

unless there are grounds for invoking a waiver.  A waiver is required if ARARs cannot be achieved. 

 

TBCs are non-promulgated criteria, advisories, and guidance issued by the federal or state governments. 

Along with ARARs, TBCs may be used to develop the remedial action alternatives necessary to protect 

human health and the environment. 

 

ARARs and TBCs are further divided into three categories: chemical-specific, location-specific, and 

action-specific.  These categories are briefly discussed in Sections 2.1.1 through 2.1.3. 

 

2.1.1  Chemical-Specific ARARs and TBCs 

 

Chemical-specific ARARs and TBCs are usually health- or risk-based numerical values or methodologies 

which, when applied to site-specific conditions, result in numerical values that establish the acceptable 

amount or concentration of a chemical that may be found in, or discharged to, the ambient environment. 

 In general, chemical-specific requirements are set for a single chemical or a closely related group of 

chemicals.  These requirements do not consider the mixture of chemicals.  A set of chemical-specific 

ARARs and TBCs that may be applied to the OFFTA site is presented in Table 2-1. 

 

2.1.2  Location-Specific ARARs and TBCs 

 

Location-specific ARARs and TBCs are restrictions placed on the concentrations of hazardous 

substances or the conduct of activities solely because they are in specific areas.  The general types of 

location-specific requirements that may be applied to the OFFTA site include coastal zone, water 

resources, and floodplain regulations.  Potential location-specific ARARs and TBCs for the OFFTA site 

are presented in Table 2-2. 
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2.1.3  Action-Specific ARARs and TBCs 

 

Action-specific ARARs and TBCs are usually technology- or activity-based requirements or limitations on 

actions taken with respect to managing hazardous substances, pollutants, or contaminants.  These 

requirements generally focus on actions taken to remediate, handle, treat, transport, or dispose of 

hazardous substances, pollutants, or contaminants.  These action-specific requirements determine how a 

selected alternative must be implemented.  A set of potential action-specific ARARs and TBCs for the 

OFFTA site are presented in Table 2-3.  However, action-specific ARARs can be unique to different 

alternatives evaluated and thus may be modified for each alternative later in this FS. 

 

2.2  DEVELOPMENT OF REMEDIAL ACTION OBJECTIVES 

 

RAOs consist of medium-specific goals for protecting human health and the environment.  The RAOs 

specify the media and COCs, exposure pathways and receptors, and acceptable contaminant levels or 

range of levels for each exposure pathway.  By specifying both an exposure pathway and target 

contaminant level(s), the RAOs permit development of a range of alternatives that may achieve 

protectiveness by reducing exposure to contaminated media or reducing contaminant concentrations. 

 

The following sections present the major components of the RAO development process: identification of 

the media of concern, identification of the chemicals of potential concern (COPCs) for each medium, 

development of PRGs, identification of COCs, and formulation of RAOs.  Section 2.2.1 identifies the 

media of concern.  Sections 2.2.2, 2.2.3, and 2.2.4 and their subsections then present the COPCs, 

PRGs, COCs, and RAOs for each selected medium. 

 

2.2.1  Identification of Media of Concern 

 

The media of concern are identified based on the results of site investigations, the site-specific HHRA 

and marine ERA, the Groundwater Risk Evaluation (TtNUS, 2002a; included as Appendix B in this 

document), and an evaluation of compliance with chemical-specific ARARs.  Site investigations 

documented in the RI Report have identified soil and sediment as potential media of concern.  Shellfish 

are an indirect medium of concern, as it is assumed that they continue to be affected by sediment 

contaminants.  Groundwater was not identified as a medium of concern in the RI Report; however, 

further evaluation has been performed in the Groundwater Risk Evaluation (TtNUS, 2002a) and has 

identified groundwater as a medium of concern.  Surface water was not selected as a medium of concern 

because there is no surface water at the site other than Narragansett Bay, which was not investigated 

during the RI.  There are no continuing releases of contaminants to the air, and therefore air was not 

selected a medium of concern. 
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A brief discussion of each investigated medium is provided below. 

 

Soil 

 

During the various OFFTA site investigations, a total of 80 surface soil samples and 56 subsurface soil 

samples (excluding duplicates) were collected.  Analyses performed on these samples include VOCs, 

SVOCs, pesticides/PCBs, metals, dioxins/furans, and TPH, although not all analyses were performed on 

all samples. 

 

As presented in the RI Report (TtNUS, 2001), the estimated reasonable maximum exposure (RME) 

incremental cancer risks for a lifetime resident exposed to surface soil and subsurface soil were 

2.5 x 10-5 and 4.0 x 10-5, respectively.  Both values are within EPA's target risk range of 1 x 10-4 to 

1 x 10-6 but slightly greater than the 1 x 10-5 benchmark used by RIDEM.  Non-carcinogenic risks for the 

residential child and residential adult did not exceed an HI of 1.0 for any target group for surface or 

subsurface soil. Both carcinogenic and non-carcinogenic risks were below EPA's risk range for 

recreational receptors and excavation workers.  The concentrations of contaminants are above the 

State's standards for unrestricted residential/recreational use of the site.  Chemical-specific RIDEM 

standards were also exceeded at the site. 

 

The estimated percentage of children exposed to subsurface soil that are predicted to exhibit a blood 

lead level above 10 µg/dL is 18.6 percent.  This exceeds EPA's protective level cutoff of 5 percent and 

indicates that adverse effects cannot be ruled out from lead exposure to residential children under these 

conditions. 

 

Sediment 

 

Marine sediment samples were collected from the intertidal area (the area between high tide and low 

tide, also referred to as the beach area), the nearshore area  (just beyond the low-tide line), and offshore 

area.  

 

Five beach sediment samples were collected approximately midway between the mean low water and 

mean high water along the shoreline.  The samples were all collected from the 0- to 0.5-foot depth 

interval and analyzed for VOCs, SVOCs, and metals.  These samples were used in the HHRA to 

evaluate potential risk to people walking or playing along the shoreline. 

 

Twenty-three sampling stations, located in Coasters Harbor, both immediately adjacent to and in the 

wider area surrounding the site were established for marine sediment (both nearshore and offshore) and 
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biota sampling.  Sediment and biota collected from these samples were used in the marine ERA to 

evaluate potential ecological risk. 

 

Standards for contaminants in sediment are not set forth by state or federal government; therefore, the 

contaminants in sediment are evaluated as described in Section 7 of the RI Report (TtNUS, 2001). 

 

Elevated levels of SVOCs and metals were found in both the beach and the marine sediment.  Elevated 

levels of pesticides/PCBs were also found in the marine sediment. 

 

As presented in the RI Report (TtNUS, 2001), the estimated RME cancer risk for a lifetime resident and a 

shoreline visitor exposed to sediment were 2.2 x 10-5 and 1.1 x 10-6, respectively.  The lifetime resident 

value is within EPA's target risk range of 1 x 10-4 to 1 x 10-6 but slightly greater than the 1 x 10-5 

benchmark used by RIDEM.  Non-carcinogenic risks for the adult and child residents and visitors did not 

exceed an HI of 1.0 for any target organ. 

 

Shellfish 

 

Natural populations of blue mussels, hard clams, cunner fish, and lobster were collected at a subset of 

the marine sediment sampling stations during the ERA and analyzed for SVOCs, pesticides/PCBs, and 

metals. These samples were used in the HHRA to evaluate potential risk from the ingestion of shellfish. 

 

Standards for some contaminants in biota are set forth by the U.S. Food and Drug Administration (FDA). 

SVOCs, pesticides/PCBs, and metals were found in the biota samples; however, all detected 

concentrations of contaminants in biota tested at the site were below FDA action levels. 

 

For shellfish ingestion, the cancer risks exceeded the risk range of 1 x 10-4 to 1 x 10-6 under the primary 

subsistence fishing and lifetime recreation scenarios for lobster, clams, and mussels.  Additionally, 

noncancer risks were exceeded for subsistence and recreational shellfish ingestion scenarios.  However, 

these were exceeded due to the total arsenic concentrations measured in the shellfish samples.  The risk 

calculations were performed based on the presumption that this arsenic was present in its inorganic form. 

The FDA reports that 80-90% of the arsenic present in shellfish is present as arsenobetanine, which is 

not toxic.  The resulting overestimate of risk is accounted for during the development of the PRGs and 

RAOs, described with other uncertainties in the shellfish ingestion scenarios, presented later in this 

section.  
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Shellfish are an indirect medium of concern and only provide contaminant exposures to humans by 

virtue of collecting those contaminants from the sediments.  Therefore, the risks to persons ingesting 

shellfish will be mitigated as necessary by addressing sediment. 

 

Groundwater 

 

While a total of 34 groundwater samples (excluding duplicates) were collected during the various OFFTA 

site investigations, only unfiltered groundwater data from the 1997 Phase III investigation were utilized in 

the OFFTA Groundwater Risk Evaluation (TtNUS, 2002a) (see Appendix B).  The 13 unfiltered samples 

from the 1997 investigation, collected using the low-flow sampling method, are considered indicative of 

the actual groundwater conditions as the sampling method prevents suspended solids from biasing the 

metals data. 

 

The OFFTA groundwater risk evaluation presents risks resulting primarily from ingestion and inhalation 

pathways based on the standard residential scenario (unrestricted residential groundwater use as the 

primary drinking water source for future on-site residents).  This standard residential scenario, applied to 

be protective of all potential uses of groundwater, does not currently exist and is implausible for the 

OFFTA site based on the GB groundwater classification, the salinity of groundwater at the site, and the 

availability of nearby alternative potable water supplies.  The estimated reasonable maximum exposure 

(RME) incremental cancer risks for a lifetime resident exposed to groundwater was 1.2 x 10-3, which 

exceeds EPA's target risk range of 1 x 10-4 to 1 x 10-6 and RIDEM's benchmark of 1 x 10-5.  Non-

carcinogenic risks for the residential child and residential adult both exceed an HI of 1.0.  Under 

unrestricted future residential use conditions, other secondary types of residential contact with 

groundwater are conceivable – for example, contact with groundwater associated with lawn or garden 

sprinklers, car washing, swimming pools, etc.  The probable risks associated with secondary residential 

exposure pathways, which involve predominantly dermal exposures with less frequent exposures, are 

likely to be significantly lower and may be less than EPA benchmarks. 

 

A comparison of maximum detected groundwater contaminant concentrations in the 1997 data set to 

MCLs presented in the groundwater risk evaluation revealed that only benzene and lead exceeded their 

respective MCLs promulgated under the Safe Drinking Water Act.  

 

A groundwater to sediment pathway analysis was performed to evaluate the extent to which groundwater 

transfers site-related contaminants to the shoreline and marine sediments (see Appendix A).  The 

analysis compared several VOCs, SVOCs, and metals present in the groundwater beneath the OFFTA 

site to concentrations in soil and sediment.  The analysis concluded that contaminants present in the 
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OFFTA groundwater do not appear to represent a present or future threat to shoreline and nearshore 

sediment quality. 

 

2.2.2  Medium of Concern: Soil 

 

For each medium of concern, the remaining components of the RAO development process will be 

completed: identification of the COPCs, development of PRGs, identification of the COCs, and 

formulation of RAOs.  The following subsections present these elements for soil. 

 

For the purposes of this feasibility study, site soil is defined as the unconsolidated materials that are 

present within and above the water table to the boundaries of the site (west, east, and south boundaries) 

and/or to the high tide line (north boundary). 

 

2.2.2.1  Identification of Chemicals of Potential Concern in Soil 

 

COPCs for soil were identified in the RI Report (TtNUS, 2001).  These COPCs were selected primarily 

based on the maximum concentration exceeding the associated risk-based concentration (RBC) based 

on a target cancer risk of 1 x 10-6 or a non-cancer hazard quotient (HQ) of 0.1.  The RBCs used for 

comparison were obtained from the EPA Region 3 listing for residential soil exposure (with RBCs based 

on non-cancer effects adjusted from an HQ of 1.0 to an HQ of 0.1 to protect against the possibility of 

additive toxic effects from multiple chemicals).  However, the COPC selection in the RI did not consider 

the Direct Exposure Criteria or the Leachability Criteria from the RIDEM Rules and Regulations for the 

Investigation and Remediation of Hazardous Material Releases, DEM-DSR-01-93, or more commonly 

known by its short title, Remediation Regulations.  Examination of the soil database indicated that there 

would be several chemicals that had not been selected as COPCs that exceeded the RIDEM Residential 

Direct Exposure Criteria.  Therefore, the COPC selection process has been reconsidered for the 

purposes of this FS. 

 

For many remedial sites under the authority of CERCLA, the COPCs are determined using the same 

methodology as used in the OFFTA RI Report – screening against RBC tables.  Once the list of COPCs 

is determined, site-specific RBCs are calculated for each of the chemicals and may include several 

exposure pathways, including direct exposure and leachability.  These site-specific RBCs, as well as 

other considerations such as background concentrations, quantitation limits, and ARARs, are used to 

develop PRGs for each chemical.  A comparison of the PRGs is made against the database, and any 

chemical with a concentration exceeding its PRG is selected as a COC.  Any soil above PRGs will 

require remediation or risk management. 
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This primarily risk-based process for selecting COPCs, PRGs, and COCs, which is common at CERCLA 

sites, will still be used in this FS.  However, a second parallel process that considers the requirements of 

the RIDEM Remediation Regulations will also be used to select COPCs, PRGs, and COCs.  For each 

process, a list of COPCs requiring further consideration will be developed; these lists will subsequently 

be combined to form a comprehensive list of COPCs requiring further consideration.  PRGs will be 

selected for the combined list by using the more conservative value from each process and then making 

any substitutions for background concentrations, quantitation limits, and ARARs.  The two processes, 

termed Risk-Based COPC Selection and RIDEM-Based COPC Selection for purposes of this FS, are 

described in the following sections. 

 

Risk-Based COPC Selection 

 

As previously mentioned, COPCs for soil were identified in the RI Report.  The Navy Interim Final Policy 

on the Use of Background Chemical Levels requires the initial screening to be comparison to risk-based 

benchmarks followed by a screening comparison to background. These COPCs were selected primarily 

based on the maximum concentration exceeding the associated Region 3 RBC for residential soil 

exposure based on a target cancer risk of 1 x 10-6 or a non-cancer HQ of 0.1.  These COPCs are 

retained for further consideration.  A qualitative risk evaluation of those chemicals that were screened 

out is provided in the HHRA. 

 

According to Navy Policy, baseline risk assessments should not be conducted on chemicals that are 

present at levels less than background chemical levels.  In some cases, there may be risks associated 

with chemical levels below background levels.  This risk is outside the scope of the Navy's 

Environmental Restoration Program, but it should be communicated to our stakeholders.  Elevated 

chemicals that were lower than background levels and screened out due to background considerations in 

the data evaluation step of the baseline risk assessment should be compared to the appropriate risk-

based benchmark concentrations.  The results should be documented in the Risk Characterization 

section of the baseline risk assessment report. 

 

The HHRA presented in the RI Report indicated that higher-than-acceptable risk might occur through 

future on-site residential exposures to soil.  A summary of the risk assessment results is presented in 

Table 1-1. The pathways that generate the greatest risk are the lifetime resident direct exposure to soil 

for carcinogens and the child resident direct exposure to soil for non-carcinogens.  Therefore, the 

assumptions used in these scenarios were used to calculate site-specific RBCs.  The list of COPCs and 

associated site-specific RBCs are presented in Tables 2-4 and 2-5 for surface soil and subsurface soil, 

respectively.  The tables also include detection frequency and maximum detected concentrations.  A 

chemical was selected as a COPC requiring further evaluation if its maximum detected concentration 
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exceeded the RBC for either carcinogenic or non-carcinogenic risk.  The site-specific RBCs are based on 

a risk of 1 x 10-6 for carcinogens and an HQ of 1.0 for non-carcinogens.  A check of the cumulative risk 

from all chemicals left in the soil is performed later in the process to determine if it exceeds 1 x 10-5 for 

carcinogens and a hazard index (HI) of 1.0. 

 

Essential nutrients were not considered as COPCs, including calcium, chloride, magnesium, potassium, 

and sodium.  In addition, several specific metals (aluminum, cobalt, copper, and iron) were excluded 

from consideration as COPCs because these substances have only provisional toxicity criteria, based on 

risk assessment guidance from EPA Region I (EPA, 1999).  Therefore, these common minerals/essential 

nutrients were not considered as inorganic COPCs. 

 

RIDEM-Based COPC Selection 

 

Because the COPC selection in the RI did not consider the Direct Exposure Criteria or the Leachability 

Criteria from the RIDEM Remediation Regulations, the COPC selection process has been reconsidered.  

To broaden the list of COPCs, a conservative approach was taken to identify all chemicals detected in 

the soil as COPCs.  These chemicals are listed in Tables 2-6 and 2-7 for surface and subsurface soil, 

respectively.  As with the Risk-Based Selection, essential nutrients were not considered as COPCs, 

including calcium, chloride, magnesium, potassium, and sodium.  Aluminum, cobalt, copper, and iron 

were also excluded from consideration as COPCs because of the lack of finalized toxicity criteria. 

 

The Remediation Regulations provide the methodology for determining remedial objectives for soil.  The 

soil objectives are broken into two components: Direct Exposure Criteria and Leachability Criteria.  The 

Direct Exposure Criteria can be applied to either residential or industrial/commercial scenarios, and the 

Leachability Criteria is applied depending on the classification of the underlying groundwater.  For the 

OFFTA site, residential reuse is assumed for the direct exposure route, and the groundwater beneath the 

site is classified GB.  GB groundwater is designated as not suitable for public or private drinking water 

use. 

 

The Remediation Regulations divide the Direct Exposure Criteria and Leachability Criteria into Method 

Requirements.  Method 1 Soil Objectives are published in tables in the regulation, and site 

concentrations are compared directly to these numbers.  If no Method 1 Soil Objective has been 

promulgated for a specific chemical, then a Method 2 Soil Objective is calculated for the site using the 

prescribed method and assumptions provided in the regulation.  For direct exposure, the Method 2 

calculations are the same as those for the Method 1, but for the leachability calculations, Method 2 

allows for the consideration of limited site-specific information.  The regulations also provide for Method 
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3 objectives, which are calculated using highly site-specific information; however, no Method 3 

objectives have been calculated for the OFFTA site. 

 

Many of the chemicals detected at OFFTA have Method 1 Objectives listed in the tables.  For those 

chemicals not listed, Method 2 Direct Exposure Criteria were calculated for use in the screening process. 

These calculations are presented in Appendix C. 

 

The list of RIDEM-Based COPCs and associated criteria for Residential Direct Exposure and GB 

Leachability are presented in Tables 2-6 and 2-7 for surface soil and subsurface soil, respectively.  The 

tables also include detection frequency and maximum detected concentrations.  Chemicals exceeding 

either the direct exposure criteria or leachability criteria are retained as COPCs requiring further 

consideration. 

 

Combined List of COPCs 

 

The screening process resulted in two sets of COPCs (Risk-Based and RIDEM-Based) which are 

combined to form a comprehensive list of COPCs requiring further consideration.  Table 2-8 presents the 

combined list and a summary of the selection. 

 

2.2.2.2  Development of Preliminary Remediation Goals for Soil 

 

PRGs are developed to determine the degree of remediation necessary to protect human health and the 

environment.  PRGs can be developed based on chemical-specific ARARs, when available, or risk-

based factors.  The PRGs must be protective of each of the principal receptors identified at the site 

(future residents for the soil at OFFTA), and they should be reasonable and practical to implement. 

 

As with the selection of COPCs, PRGs were developed using both a risk-based approach and a RIDEM-

based approach.  In addition, chemical-specific ARARs and TBCs, inorganic background concentrations, 

and analytical detection limits are considered in developing PRGs.  Each of these methods used in 

developing the PRGs is discussed below.  Table 2-9 presents the candidate list of PRG numerical values 

identified for each COPC in soil requiring further consideration. 

 

Risk-Based PRGs: The RBCs calculated for the risk-based COPC selection were used as the risk-based 

PRGs.  PRGs for carcinogens were based on a risk of 1 x 10-6 for carcinogens and an HQ of 1.0 for non-

carcinogens, with the more conservative of the two being chosen as the risk-based PRG. 
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RIDEM-Based PRGs: The lower of the Residential Direct Exposure Criteria and GB Leachability Criteria 

was used as the RIDEM-based PRG for each chemical. 

 

Chemical-Specific ARARs/TBCs: Candidate PRGs for three chemicals are determined by guidance and 

TBCs.  These chemicals are Aroclor-1254, lead, and 2,3,7,8-TCDD.  EPA's OSWER Directive 9355.4-

01, A Guide on Remedial Actions at Superfund Sites with PCB Contamination (August 1990) 

recommends an acceptable soil action level of 1 mg/kg PCBs for residential sites.  For lead, a value of 

400 mg/kg has been established for residential areas based on the Lead-Uptake/Bio-Kinetic Model, 

Version 0.4, developed by EPA’s Office of Health and Environmental Assessment.  OSWER Directive 

9200.4-26, Approaches for Addressing Dioxins in Soil at CERCLA and RCRA Sites (April 13, 1998) 

provides guidance in establishing cleanup levels for dioxins.  A concentration of 1 µg/kg of dioxins (as 

2,3,7,8-TCDD TE) has been established for soil involving future residential exposure scenarios. 

 

Background Concentrations: Because they are naturally present in soil, some inorganics may be present 

in the background areas not affected by past site activities or releases at concentrations higher than risk-

based PRGs or RIDEM remediation standards.  Because it may not be reasonable or possible to 

remediate the site soil to concentrations lower than levels naturally present in the area soil, background 

concentrations may be considered as PRGs for inorganic contaminants.  The background concentration 

values (95 percent upper tolerance levels), based on data from undisturbed locations on Coasters Harbor 

Island sampled during February 2000 for the Background Soil Investigation Report (TtNUS, 2000), were 

calculated and are included in Table 2-9.  The background concentration value for arsenic was 

calculated by RIDEM and is based on the same dataset. 

 

In the background study conducted by the Navy to establish background levels for metals in soils at the 

OFFTA site, surface and subsurface soil samples were collected from areas at the south end of Coasters 

Harbor Island determined to be unaffected by the site or by other non-uniformly distributed anthropogenic 

sources. The areas selected for background sampling all had the same USDA soil classification as those 

at the OFFTA site (Udorthents-Urban Land Complex).  Data analysis and statistical testing were then 

performed on validated data to determine appropriate background metals values for the site.  

 

In general, the Navy’s background study showed that background metals concentrations are higher in the 

subsurface soils than in the surface soils.  The calculated background values for two metals in surface 

soil (arsenic and beryllium) and three metals in subsurface soil (arsenic, beryllium, and manganese) 

exceed the RIDEM Direct Exposure Criteria. The calculated arsenic background [upper tolerance limit 

(UTL)] value for subsurface soil (42.8 mg/kg) is considerably higher than both the calculated surface soil 

background value (5.55 mg/kg) and the RIDEM soil criteria for arsenic (1.7 mg/kg).  The elevated metals 

concentrations in the Coasters Harbor Island soils are believed to be attributable to the composition of 
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the local and regional bedrock formations and the shallow depth of bedrock and glacial till in the area 

(TtNUS, 2000). 

 

RIDEM performed a separate statistical evaluation of the background data and developed a combined 

surface and subsurface arsenic level of 6.2 mg/kg (Kulpa, 2000; Kulpa, 2001).  Although RIDEM 

provided a discussion of their statistical approach which included combining the surface and subsurface 

soil data sets and in deleting higher values from the background data set, RIDEM did not provide 

supporting calculations. 

 

The Navy did not agree with RIDEM’s approach. As discussed above, the Navy’s evaluation shows that 

there is a significant difference between the surface and subsurface metal data sets, and a higher 

background value for arsenic in subsurface soils is supported by the analysis.  Despite these objections, 

to maintain progress in the OFFTA site remediation the Navy accepted RIDEM's arsenic soil background 

level of 6.2 mg/kg as a proposed PRG for OFFTA surface and subsurface soils (Shafer, 2001).   

 

Detection Limits: The analytical detection limits for the organic and inorganic chemicals were also 

considered in developing the PRGs.  Because the PRGs have to be detectable by current analytical 

means to ascertain attainment of these levels, analytical detection limits were designated as the lowest 

achievable PRGs.  Two chemicals, benzo(a)pyrene and dibenz(a,h)anthracene, are controlled by 

quantitation limits, as footnoted in the RIDEM Method 1 Direct Exposure tables. 

 

After consideration of the above criteria, Table 2-9 presents the proposed soil PRGs and the basis for 

their selection.  The proposed PRGs are the chemical concentrations that would provide the highest level 

of protection of human health given the nature of the site, the availability of a regulatory standard, and is 

reasonably achievable by current remediation techniques.  The PRG values in Table 2-9 indicate that 

RIDEM remediation standards are, in general, more conservative than the risk-based standards. 

 

One additional criterion of the RIDEM Remediation Regulations must be checked to ensure that the 

selected PRGs are protective of human health.  As part of the RIDEM remedial objectives, the 

cumulative excess lifetime cancer risk posed by the contaminated site must not exceed 1 x 10-5, and the 

cumulative HI posed by the site must not exceed 1 for any target organ.  This check will be performed 

after the COCs are selected. 

 

2.2.2.3  Identification of Chemicals of Concern in Soil 

 

COCs serve to focus the RAOs to those contaminants that pose a potential threat to human health or the 

environment.  For each soil COPC retained for further consideration, the maximum detected 
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concentration is compared with its PRG.  Any chemical with an exceedance is retained as a COC.  Table 

2-10 presents such a comparison and lists the chemicals retained as COCs.  For each COC, all detected 

concentrations are compared with the corresponding PRG to delineate the extent of contamination 

requiring remediation. Tables 2-11 and 2-12 present the list of COCs and PRG exceedances for surface 

soil and subsurface soil, respectively. 

 

Because the PRGs for carcinogens were developed using a risk of 1 x 10-6 for each individual chemical, 

the risk due to COCs at the site will be beneath the 1 x 10-5 level as long as there are less than 10 

chemicals contributing that level of risk at a given location.  By reviewing Tables 2-11 and 2-12 which list 

the PRG exceedances, only two samples have more than 10 COCs.  However, these samples, MW102 

and TP3, do not contain more than 10 carcinogenic COCs.  Therefore, the selected PRGs are consistent 

with the site's meeting the 1 x 10-5 risk level. The HHRA presented in the RI was used to check the 

requirement that the cumulative HI not exceed 1 for any target organ.  The risk assessment identifies no 

exposure scenario in which the HI exceeds 1, indicating compliance even if no remediation takes place 

at the site.  Therefore, no adjustments are required for the soil PRGs. 

 

2.2.2.4  Remedial Action Objectives for Soil 

 

RAOs consist of medium-specific or operable unit-specific goals for protecting human health and the 

environment.  The objectives should be as specific as possible but not so specific that the range of 

alternatives that can be developed is unduly limited. 

 

The findings of the RI and HHRA and the RIDEM Remediation Regulations were used in developing the 

RAOs for contaminated soil.  As presented in the RI, the estimated risks associated with ingestion of and 

dermal contact with site soil by future adult and child residents exceed RIDEM’s target incremental 

lifetime cancer risk (ILCR) of 1 x 10-5.  Contaminants in the soil also exceed RIDEM's direct exposure 

criteria and GB leachability criteria (leachability for TPH only in seven samples).  The soil contamination 

also exceeds EPA guidelines for lead.  Therefore, long-term soil response actions are necessary to 

protect human health and groundwater quality. 

 

Future use of the site can also be considered in the formulation of RAOs.  The Navy has indicated that 

the OFFTA site should be available for unrestricted, residential use after the remedial action has taken 

place. Further, the Navy wishes the time duration of remediation to be as short as possible, to allow 

redevelopment of the site in a timely manner. 

 

The soil RAOs for protection of human health are: 
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•  Prevent the ingestion of and direct contact with vadose zone soil containing contaminants that 

exceed PRGs developed for the OFFTA site. 

 

•  Allow reuse of the site as an unrestricted, residential area as soon as reasonably practicable.  

Part of the unrestricted use includes no controls on the vadose zone soil.  

 

To achieve the unrestricted use of the property, any soils below the vadose zone that are found to be 

contaminated during remedial actions will be addressed with the vadose zone soils. 

 

The soil RAO for the protection of the environment is: 

 

•  Prevent, to the extent practicable, any transfer of contaminants from soils to groundwater or 

sediment. 

 

Because petroleum is excluded from CERCLA based actions, TPH and free product are not identified in 

this FS report as COCs, and cleanup criteria are not established for those contaminants.  However, it is 

anticipated that because of the goal to have unrestricted use of the property, soils with these 

contaminants will be addressed during the remedial action to meet that goal. 

 

2.2.3  Medium of Concern: Groundwater 

 

The following subsections present the identification of the COPCs, development of PRGs, identification 

of COCs, and formulation of RAOs for groundwater. 

 

2.2.3.1  Identification of Chemicals of Potential Concern in Groundwater 

 

COPCs for groundwater are identified in the Groundwater Risk Evaluation (TtNUS, 2002a) (see 

Appendix B).  These COPCs were selected primarily based on the maximum concentration exceeding 

the associated RBC based on a target cancer risk of 1 x 10-6 or a non-cancer HQ of 0.1.  The 

groundwater RBCs used for comparison were obtained from the latest EPA Region 9 listing for 

residential groundwater us (with RBCs based on non-cancer effects adjusted from an HQ of 1.0 to an HQ 

of 0.1 to protect against the possibility of additive toxic effects from multiple chemicals). 

 

Essential nutrients were not considered as COPCs, including calcium, chloride, magnesium, potassium, 

and sodium.  In addition, several other metals (aluminum, cobalt, copper, and iron) have only provisional 

toxicity criteria, based on risk assessment guidance from EPA Region I (EPA, 1999).  For groundwater, 
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this latter group of metals was retained as COPCs for illustration to document cases in which a current 

lack of knowledge regarding toxicity adds uncertainty to the risk evaluation. 

 

2.2.3.2  Development of Preliminary Remediation Goals for Groundwater 

 

PRGs are developed to determine the degree of remediation necessary to protect human health and the 

environment.  PRGs can be developed based on chemical-specific ARARs, when available, or risk-

based factors. 

 

The selected groundwater COPCs were carried forward into the PRG development process.  For any 

COPC with an available Federal MCL or RIDEM Groundwater Objective, the lower of those  two criteria 

was used as the PRG.  Although the groundwater at OFFTA is classified as GB, the RIDEM Method 1 

GA Groundwater Objectives were used for the comparison, because there are GB objectives for volatiles 

only.  For chemicals without available MCLs or state criteria, a risk-based PRG was used if available.  All 

of the chemicals without MCLs or state criteria but with risk information were non-carcinogens, and the 

PRGs are based on an HQ of 1.0 for a child resident.  Three chemicals (aluminum, cobalt, and iron) 

remain with no data, and therefore no PRGs are developed for them.  All were carried forward as COPCs 

for the purpose of the risk assessment to document its uncertainty. 

 

Table 2-13 presents the proposed groundwater PRGs and the basis for their selection. 

 

2.2.3.3  Identification of Chemicals of Concern in Groundwater 

 

For each COPC, the maximum detected concentration is compared with its PRG.  The data set used for 

comparison is the same as used in the Groundwater Risk Evaluation, which consists of the 1997 low-flow 

sampling data.  Any chemical with an exeedence of a PRG is retained as a COC.  Table 2-14 presents 

the comparison and lists the chemicals retained as COCs.  For each COC, all detected concentrations 

are compared with the corresponding PRG to delineate the extent of contamination requiring 

remediation.  Table 2-15 presents the COCs and PRG exceedences for groundwater.   

 

COCs include several fuel related organic compounds and two metals, lead and manganese.  

Manganese exceeds the risk based criteria of 291 in several of the on site wells, although the source of 

this metal is unknown.  Lead can be a product of painted structures that were present and have been 

reduced to rubble and covered at the site, or partly a product of gasoline used at the site in the past.  The 

other organic compounds identified as COCs are likely related to fuels present, or as a product of 

combustion.  Distribution of  COCs exceeding the PRGs is presented on Figure 2-4.  As shown on this 
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figure, many of the wells only show an exceedance for manganese.  Only two wells show an exceedance 

for the fuel related organic compounds. 

 

2.2.3.4  Remedial Action Objectives for Groundwater 

 

The findings of the RI and the Groundwater Risk Evaluation were used to develop the RAOs for 

contaminated groundwater.  As presented previously, the estimated risks associated with residential use 

of site groundwater by future adult and child receptors exceed the EPA’s acceptable risk range.  The 

groundwater concentrations also exceed some federal MCLs, though they do not apply to the site.  While 

a remedial action to address the soil at the site may remove the source of the contamination, residuals 

will remain in the aquifer and will continue to degrade groundwater in the long term.  Therefore, long-

term groundwater response actions are necessary to protect human health and protect groundwater 

quality. 

 

The groundwater RAOs for protection of human health are: 

 

•  Prevent the ingestion of and direct contact with groundwater containing contaminants that 

exceed federal MCLs, or in their absence, state criteria or an excess cancer level of 1 x 10-6 or 

an HQ of 1.0. 

 

•  Allow reuse of the site as an unrestricted, residential area as soon as reasonably practicable. 

 

The groundwater RAOs for protection of the environment are: 

 

•  Assure groundwater quality is not further degraded. 

 

•  Assure off-site migration of groundwater does not impact remediated soil or sediment. 

 

2.2.4  Medium of Concern: Sediment 

 

The following subsections present the identification of the COPCs, development of PRGs, identification 

of COCs, and formulation of RAOs for sediment.  For the purposes of this report, sediments are defined 

as any unconsolidated materials north, west, or east of the high tide line at the OFFTA site. 
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2.2.4.1  Identification of Chemicals of Potential Concern in Sediment 

 

The sediment COPCs are those chemicals that were found to present increased incremental human 

health or ecological risks.  A summary of the risk assessment results is presented in Section 1.0.  

Sediment contaminants that pose excess human carcinogenic risk greater than 1 x 10-6 or have 

chemical-specific hazard quotients greater than 1.0 for human non-cancer risk are selected as COPCs 

for sediment.  Sediment was found to pose cancer risks through direct contact to human recreational 

receptors above the target level.  The chemicals exceeding are arsenic, benzo(a)pyrene, 

benzo(a)anthracene, benzo(k)fluoranthene, and dibenz(a,h)anthracene.  Increased risk was also noted 

via human ingestion of shellfish.  Those contaminants that posed excess risk for shellfish ingestion were 

dominated by arsenic, but included the same chemicals as for direct exposure, as well as indeno(1,2,3-

cd)pyrene, PCBs, cadmium, chromium, and mercury.  All of these chemicals are selected as COPCs for 

shellfish ingestion. 

 

Note that the risk described in Section 1.0 reflects risk calculated for shellfish ingestion based on the 

inorganic form of arsenic. This is an overly conservative assumption, considering that it has been 

documented that arsenic in shellfish is 80 to 90 percent organic, which is not toxic (FDA, 1993).  

Therefore, while arsenic contributes to elevated risk, risk managers should consider arsenic as only a 

secondary contributor in this scenario.  . 

 

Sediment COPCs were also selected based on the ERA (SAIC, 2000).  The COPCs identified as posing 

potential increased risk for ecological receptors as well as those selected based on human health risk are 

presented in Table 2-16. 

 

2.2.4.2  Development of Preliminary Remediation Goals for Sediment 

 

The objective of the PRG development process is to select contaminants of concern (COCs) from the 

contaminants of potential concern (COPCs) and to calculate corresponding actionable contaminant 

concentrations that, when implemented as cleanup criteria, will address the areas of unacceptable 

human health and/or ecological risk.  The PRGs must be protective of each of the principal receptors 

identified at the site (humans and aquatic organisms) and should be reasonable and practical to 

implement.  The complete sediment PRG development process for this site is presented in Appendix D.  

This section presents a summary of that process and the recommended PRGs. 

 

At the OFFTA site, actionable risk was estimated and calculated in the RI Report and supporting 

documents for sediment under the following receptor scenarios: 
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•  Human lifetime resident exposure to beach sediment (also referred to as shoreline sediment or 

inter-tidal sediment) 

•  Subsistence and lifetime shellfish ingestion 

•  Ecological risk associated with contaminants in the intertidal, nearshore, and offshore marine 

sediment 

 

To establish cleanup goals for these three receptor scenarios, PRGs have been developed for each 

scenario separately and applied to the exposure areas described below.  Where PRGs overlap, the more 

conservative will apply.  For the purposes of this PRG approach and for the FS, the following 

clarifications are made: 

 

Beach Sediment – Intertidal or shoreline area between mean high tide and mean low tide, partially 

represented by sampling stations SSD-333 through SSD-337..  Samples were collected and used for 

human health risk (shoreline visitor scenario) only.  Shellfish selected for testing were not present in this 

area, although some oysters were present in the intertidal area.  Data available include bulk chemistry. 

 

Nearshore Marine Sediment – Area along the low-tide line (represented by sampling stations OFF-1 

through OFF-7).  Data available include bulk sediment chemistry, some shellfish, and porewater.  

Samples were collected for ecological risk, but shellfish data were also used for human health risk 

evaluation under shellfish ingestion scenarios. 

 

Offshore Marine Sediment – Area further beyond the low-tide line than the nearshore area (partially 

represented by sampling stations OFF-8 through OFF-21).  Data available include bulk sediment 

chemistry, fish, shellfish, benthic diversity, elutriate, toxicity, and porewater. Samples were collected for 

ecological risk, but shellfish data were also used for human health risk evaluation under shellfish 

ingestion scenarios. 

 

PRGs have been developed for the three exposure pathways for sediment contaminant transfer: human 

lifetime recreational exposure to beach sediment, shellfish consumption, and ecological risk.  The 

methodology for each of these is summarized below.  Appendix D of this report provides detail for 

development and selection of PRGs.  Calculated PRG values are presented in Table 2-17. 

 

Sediment PRGs Based on Human Lifetime Resident Exposure to Beach Sediment 

 

Evaluation of risks presented in the OFFTA RI for beach sediment indicates that cancer risks exceeded 

the state guideline of 1 x 10-5 although cancer and non cancer risks did not exceed the EPA target risk 

range of cancer exceeding 1 x 10-4  and a noncancer HI of 1.0 for a target organ. 
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PRGs are back-calculated from the target risk for the lifetime resident exposure to sediment for 

contaminants that exceed a contaminant specific risk of 1 x 10-6 in the RI Report.  These contaminants 

include arsenic, benzo(a)pyrene, benzo(a)anthracene, benzo(b)fluoranthene, and dibenz(a,h)anthracene. 

 PRGs are developed for site-specific contaminants targeted to the 1 x 10-6 risk level to ensure total 

cancer risks are less than the RIDEM criteria of 1 x 10-5.  The risk-based PRG for arsenic is compared to 

the background arsenic level (6.2 mg/kg) to assure that the final PRG is not below background.  

Calculated PRGs for this scenario are presented on Table 2-17.   

 

Note that RIDEM direct exposure criteria for soils do not apply to sediments, as these materials are 

under water for approximately 12 hours per 24 hour day.  The presence of water reduces the potential for 

exposure which presumably, were used to determine the direct exposure criteria. 

 

Sediment PRGs Based on Shellfish Consumption 

 

Evaluation of risks presented in the OFFTA RI for shellfish ingestion indicates that cancer risks to 

recreational fishermen exceeded 1 x 10-5 for arsenic and to subsistence fishermen for arsenic, PCBs, 

benzo(a)pyrene, and benzo(b)fluoranthene.   

 

Subsistence fishing is typically evaluated as a matter of course in the HHRA process.  However, the risk 

assessment uncertainties explain that the subsistence fisherman scenario does not exist at the site and is 

unlikely in the foreseeable future.  Although the study area is within an area closed to shellfishing, EPA 

reports that some amount of lobster or crab collection may occur in Coasters Harbor which validates the 

recreational fishing scenario and indicates a need to address this risk endpoint. 

 

In order to address the risk associated with shellfish collections from this area, PRGs are developed for 

shellfish ingestion.  Contaminants that were predicted in the RI Report to provide a cancer risk of 1 x 10-6 

and/or an HQ of 1.0 under the subsistence fishing/ingestion of lobster and shellfish scenario are selected 

as COPCs.  This scenario/endpoint was particularly selected because it provided the highest risk and the 

largest list of COPCs.  

 

The risk assessment notes that arsenic dominates the risk under the shellfish ingestion scenarios.  This 

is likely because arsenic risks from shellfish are based on EPA's slope factor, accepted for inorganic 

forms of arsenic in the environment.  However, arsenic in seafood actually exists in an organic state 

known as arsenobetaine.  Approximately 80 to 90 percent of the arsenic in seafood is not toxic (FDA, 

1993).  To adjust for this overestimate provided in the risk assessment, the equation for target arsenic 

concentrations in the shellfish tissue includes a 10 percent adjustment factor before sediment PRG 

calculation. 
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The target tissue concentrations for shellfish are back-calculated using the equations and ingestion rates 

for recreational exposure to tissue concentrations presented in the RI Report.  These tissue 

concentrations are then converted to sediment concentrations using average Bioaccumulation Factors 

(BAFs) and Biota-Sediment Accumulation Factors (BSAFs) from co-located shellfish/sediment sampling 

stations to yield an estimate of the total organic carbon (TOC)-normalized sediment COPC 

concentration.  BAFs are coefficients used to predict metals accumulation in animal tissues from each 

station.  BSAFs are the coefficients used to predict accumulation of organic chemicals in tissues.  For 

this site, both types of coefficients were calculated in the ERA using station-specific data normalized for 

TOC and lipid content as appropriate. 

 

The shellfish tissue COPC concentration corresponding to a target cancer risk of 1 x 10-6 and/or HQ of 

1.0 for the lifetime recreational fishing scenario is divided by the average BSAF, and the resulting values 

are adopted as the human-health based PRG for offshore sediment.  Since there are only ten COPCs for 

shellfish ingestion, this approach ensures that the aggregate cancer risk from all COCs combined will not 

exceed 1 x 10-5. 

 

Conversion of tissue PRGs to sediment PRGs is performed using BAF (metals) and BSAF (organics). 

Calculations for sediment/ tissue PRG conversions are described below: 

 

For metals, the BAF = median across all sampling locations of the ratio: 

 

•  (Tissue Conc. at location / Sediment Conc. at location) 

 

For organics, the BSAF = median across all sampling locations of the ratio: 

•  (Tissue Conc. (dry wt.) at location / Lipid Conc. at location) / (Sediment Conc. at location / TOC 

Conc. at location) 

 

Note that sediment data are in dry weight units and tissue data are in dry weight units for the BSAF and 

BAF values to be meaningful.  This requires that the tissue toxicity effects value (TEV) be converted to a 

dry weight value as follows: 

 

•  tissue TEV (dry wt.) = tissue TEV (wet wt.) * 100 / (average % moisture of tissue samples) 

 

The human health sediment PRG is then calculated as follows: 

 

•  human health sediment PRG for metals = tissue TEV (dry wt.) / BAF 
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•  human health sediment PRG for organics = [average TOC conc * tissue TEV (dry wt.) / average 

tissue lipid conc.] / [BSAF] 

 

Appendix D provides complete descriptions of the  input and resulting values as well as the calculations 

described above.  Calculated PRGs were evaluated through a risk management effort, as summarized 

below.   

 

Nearshore and offshore sediment PRGs based on lifetime recreational ingestion of shellfish were 

calculated for arsenic, cadmium, chromium, mercury, PCBs, and five PAH compounds. PRGs for PCBs 

were not exceeded at the site.  Only one calculated shellfish PRG for a PAH was exceeded at one 

offshore station, Benzo(a) pyrene (PRG of 9360 ug/kg) exceeded at SD-410 (9500 ug/kg detected).  This 

location is within the eelgrass bed and appears to be a local hot spot that may be more associated with a 

nearby outfall than with the site.  Also, the concentration detected is so close to the calculated PRG 

value, the concentrations at and near this station should be verified through additional sampling during 

future PDI efforts before being considered implementable. 

 

Calculated shellfish PRGs for metals were not exceeded at the site with the exception of arsenic.  The 

PRG for arsenic correlating to a cancer risk of 1E-6 was calculated to be 5.48 mg/kg.  This value was 

exceeded at several offshore sample stations, and two nearshore sample stations.  The locations where 

arsenic was exceeded did not match those where PAHs were exceeded, and did not seem to have any 

spatial pattern at all (Figure 4-1, Appendix D). 

 

Data review indicates that arsenic levels exceed the 5.48 mg/kg value at OFF-1 (6.3 mg/kg), OFF-2 (8.0 

mg/kg), OFF-7 (6.8 mg/kg), OFF-13 (6.0 mg/kg), OFF-14 (8.5 mg/kg), and 0FF-19 (5.8 mg/kg), as well 

as several offshore predesign stations.  Arsenic concentrations range from 3.6 mg/kg to 4.3 mg/kg at 

stations where other PAH PRGs are exceeded, confirming no co-location.   

 

The value of 5.48 mg/kg calculated for arsenic exposure through lobster ingestion is below the value 

established to account for what appears to be anthropogenic occurrence of arsenic in soils.  The arsenic 

concentrations in surface sediment sampled at the site (those sediments to which lobsters could be 

exposed) range from 2.7 mg/kg to 8.5 mg/kg with an average concentration of 4.97 mg/kg. 

 

Uncertainties in the model predicting contaminant loading to the receptor also need to be considered.  In 

addition to predicting the uptake of contaminants by persons ingesting the lobster, the shellfish PRGs are 

also based on predicting the uptake of the contaminants by the lobsters collected and providing those 

contaminants in a toxic and bioavailable form to the persons ingesting them.   
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Therefore the arsenic PRG calculated for the ingestion of shellfish is not recommended for 

implementation.  The data distribution does not support the conceptual site model, does not match site 

related contaminant distribution, and there is too much uncertainty in the models predicting the ability of 

arsenic to transfer from the sediment to the shellfish and then from the shellfish to the human receptor in 

its toxic form. 

 

Table 2-17 presents the recommended PRG values for the shellfish ingestion scenario. 

 

Sediment PRGs Based on Ecological Risk 

 

Evaluation of the risks presented in the ERA for the OFFTA site indicate that high potential for risk to 

ecological receptors is present at one nearshore sediment station (correlated exposure and effects 

relationships identified) and that an intermediate potential for risk to ecological receptors is present at 

eight other stations (exposure and/or effects measured).  These risks are likely present due primarily to 

PAHs and, to a lesser degree, metals in sediment.  However, the metals in the sediment are unlikely to 

be toxic, based on the simultaneous extracted metal and acid volatile sulfides (SEM-AVS) data. 

 

EPA has developed Draft Sediment Guidelines for six metals (cadmium, copper, lead, nickel, silver, and 

zinc) (EPA, 2001).  Appendix D of this report details how these guidelines are applied to the site 

sediment data. The basic premise of the SEM-AVS guideline is that if there is more AVS than SEM (on a 

molar basis) in a sample, than the AVS will bind the six metals and they will not be toxic (EPA, 2000).  

The following equation is used to represent this process: 

 

  ∑ SEM - AVS ≤ 1.0 = non-toxic sediment from the SEM metals 

 

Appendix D summarizes the SEM-AVS results for each station and the sediment concentrations for the 

metals that are included in the SEM analysis.  These results indicate high AVS in sediment at the site, 

indicating no toxic effects from the metals present.  Note that although silver was not included in the 

SEM analysis, when AVS is present, any silver in the sediment is not of toxicological concern, and none 

should occur in the interstitial water (EPA, 2000).  For the OFFTA site, PRGs are not calculated for the 

six SEM metals (cadmium, copper, lead, nickel, silver, and zinc) because none of these metals is 

expected to cause toxicity. 
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The following steps are used in the PRG process to calculate the Ecological Risk-Based PRGs: 

 

Step 1: Identify the water quality screening value (WQSV) that will be used for comparison to the 

porewater concentrations. 

 

Step 2: Determine the porewater concentrations for the sediment samples. 

 

Step 3: Classify the toxicity test samples at each station as toxic or non-toxic. 

 

Step 4: Group the samples as toxic or non-toxic for each receptor.  Do not include the reference stations 

in these groupings. 

 

Step 5: Summarize the results of the toxic and non-toxic samples using site-specific toxicity data to 

determine a No Observed Effects Concentration (NOEC). 

 

Step 6: Compare the NOEC (in Step 5) to the Reference Station porewater concentration (RSV) to 

ensure that the PRGs will not be below the reference concentrations. 

 

Step 7: Divide the porewater concentrations by the TEVs at each station (except the reference stations) 

to get the TEV-Hazard Quotient (TEV-HQ) to limit the number of chemicals for which PRGs are 

developed to the chemicals that are causing the highest risk at each station. 

 

Step 8: Calculate and develop the sediment baseline PRG: 

 

   PRG = Cs * (TEV) / (PW) 

 

  Where: 

  TEV = Toxicity Effects Value (µg/L) 

  Cs = Chemical concentration in the sediment (µg/kg) 

  PW = Porewater concentration for the chemical (µg/L) 

 

The final step of the PRG development process for sediment is to define recommended PRG values 

from the baseline PRGs calculated.  This is typically done to rectify the resulting action areas to the 

areas of the site where elevated potential for risk was determined in the ERA.  At this site, contaminant 

concentrations exceeding the calculated PRGs are limited to the nearshore area and center on station 

OFF-5.  OFF-5 is the only station where high probability for ecological risk was identified in the risk 
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assessment report (SAIC, 2000).  Therefore, this step does not appear necessary, and the calculated 

baseline PRGs are recommended for implementation. 

 

A summary of the sediment PRGs is provided in Table 2-17. 

 

2.2.4.3  Identification of Chemicals of Concern in Sediment 

 

For each sediment COPC retained for further consideration, the maximum detected concentration is 

compared with its PRG.  Any chemical with an exceedance is retained as a COC.  Table 2-18 presents 

such a comparison and lists the chemicals retained as COCs.  For each COC, all detected 

concentrations are compared with the corresponding PRG to delineate the extent of contamination 

requiring remediation.  Table 2-19 presents the list of COCs and PRG exceedances for sediment. 

 

Two PRG exceedances for PAH compounds was noted for the offshore sediment.  2-methylnaphthalene 

was detected at 210 µg/kg in deep sediment (1.6-1.8 feet below surface) at station OFF-18, located at 

the former area of a boathouse and bridge noted in Figures 1-5 and 1-6.  Surface sediment at this 

location (0-0.5 feet) is below PRG concentrations, and deeper sediment (3.5-3.6 feet) is also below PRG 

concentrations.  These data indicate the presence of a small pocket of slightly elevated PAHs, with only 

one exceedance of an OFFTA PRG.  Because this small area does not impact surface sediment where 

bioturbation is expected to occur, and because the location indicates another possible source long since 

removed, it is not recommended that this area be considered a remedial action area for OFFTA. 

 

A single PRG exceedance for benzo(a)pyrene was noted based on shellfish ingestion at station SD-410.  

Because this location is in a sensitive habitat, and because the concentrations of PAHs were abnormally 

high, there was speculation from the sampling team that these contaminants may be a result of storm 

water outfalls at this location.  Therefore, this exceedance requires confirmation during phase 2 

predesign investigations.  Regardless, this and exceedance of an ecological PRG for a different PAH 

compound was also present at this station, which indicates the station be considered for remedial action. 

 

2.2.4.4  Remedial Action Objectives for Sediment 

 

RAOs for site sediment were formulated based on the site-specific risk assessments, the RI marine 

investigations, COC identification, and PRG development presented in the preceding sections.  RAOs 

were identified for different marine portions of the site pertinent to the actionable PRG exceedances.   

 

The RAOs for the sediment address the COC-related risks identified in the HHRA and the marine ERA.  

In accordance with CERCLA, the RAOs developed for these areas address unacceptable risks to 
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humans identified in the HHRA and potential risks to aquatic organisms identified in the marine ERA.  

The RAOs identified for the Coasters Harbor marine sediment are presented below. 

The RAOs for the protection of human health are: 

 

•  Reduce exposure of contaminants in beach sediment exceeding the selected PRGs to a 

recreational user. 

 

•  Prevent human ingestion of shellfish that are impacted by sediment with actionable COC 

concentrations exceeding the selected PRGs.   

 

Although PRGs were initially calculated for shellfish ingestion, only two were exceeded by the site 

conditions.  The PRG for arsenic is discounted and considered not actionable because arsenic 

distribution does not appear to match that of the site model, and because of the uncertainties in the 

contaminant uptake model.  The PRG for Benzo(a)pyrene is barely exceeded at station 410, located 

within the eelgrass beds on the west of the site.  Because this detection is so close to the PRG, and due 

to the presence of the sensitive habitat present, confirmation testing is required prior to considering this 

an actionable exceedance.  

  

The RAO for the protection of the ecological receptors and the environment is: 

 

•  Provide a remedy that will reduce exposure of aquatic organisms to sediment with COC 

concentrations exceeding the recommended PRGs. 

 

Locations where sediment PRGs are exceeded for COCs are presented on Figure 2-4. 

 

2.3  ESTIMATION OF AREAS AND VOLUMES 

 

The areas and volumes of soil and sediment to be considered for remediation were estimated based on 

current data and the PRGs identified in Sections 2.2.2, 2.2.3, and 2.2.4. 

 

2.3.1  Soil 

 

The samples exceeding soil PRGs have been identified on Figure 2-1 along with their corresponding 

concentrations.  Separate indications are made for the surface and subsurface samples that exceed 

PRGs.  Figure 2-2 shows the former location of the OFFTA facility overlaid on samples exceeding 

PRGs. This indicates the correlation between the old facility and the location of contaminated soil. 
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Areas and volume estimates for the soil were calculated based on the samples exceeding PRGs listed in 

the exceedance table.  The basis for these volume estimates is presented in Appendix E.  The 

estimation of volume for the soil alternatives was accomplished in two parts: the mounds at the site and 

the remaining soil below grade.  To estimate the volume of the mounds, a contour map was used, and 

the area between each successive concentric contour line was measured.  A base elevation for the 

surrounding terrain was chosen for each mound, and the volume within each contour was calculated 

based on its height above the base elevation. 

 

The second volume estimate was performed for the remaining soil below grade, assuming that the 

mounds were removed to the elevation of the surrounding terrain.  The depths of contamination were 

estimated for different blocks of the site as shown on Figure 2-3.  For example, the depth of 

contamination for a large portion of the western end of the site is estimated at 2 feet, indicated by blue 

on Figure 2-3.  The assigned depth of each block was then multiplied by its area to estimate the volume 

of each block.  The volumes of all blocks were then summed.  The areas are presented on the color-

coded map in Figure 2-3. 

 

After the volumes were determined, an estimate of the percentages of soil and debris were made.  For 

the mounds, 50 percent of the volume is assumed to be debris.  For the remaining parts of the site, 20 

percent of the volume was estimated to be debris. 

 

The areas and volumes to be addressed in the FS are as follows: 

 

•  The total volume of the mounds is 10,900 cubic yards (cy).  The subtotals for each mound are 

6,900 cy for the central mound, 3,400 cy for the western mound, and 600 cy for the small, far-

western mound. 

 

•  The areal extent of contaminated soil is approximately 229,000 square feet (5.3 acres). 

 

•  The volume of debris and contaminated soil in the vadose zone (excluding the mounds) is 

approximately 37,600 cy. 

 

A summary of the volumes is as follows: 

 

Cubic Yards of: Mounds Remaining Areas TOTAL 

Debris 5,450 7,520 12,970 

Soil 5,450 30,080 35,530 

TOTAL 10,900 37,600 48,500 
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2.3.2  Groundwater 

 

The samples exceeding groundwater PRGs have been identified on Figure 2-4 along with their 

corresponding concentrations.  Figure 2-5 shows the groundwater contours from the 1997 sampling 

round, which is the most current available. 

 

Because all the wells on the OFFTA site have PRG exceedences, it is assumed that the areal extent of 

the contamination is the same as the areal extent of soil contamination (229,000 square feet).  The 

volume of groundwater exceeding PRGs is estimated by multiplying the areal extent by the average 

saturated thickness of 15 feet and multiplying by the estimated porosity of 0.25. 

 

The areas and volumes to be addressed in the FS are as follows: 

 

•  The total pore volume of contaminated groundwater is 859,000 cubic feet, or 6.4 million gallons. 

 

•  The areal extent of contaminated groundwater is approximately 229,000 square feet (5.3 acres). 

 

2.3.3  Sediment 

 

The areas of concern and the receptors for each area of sediment are presented on Figure 2-4.  Areas 

and volume estimates for these areas are presented below.  The basis for these volume estimates is 

presented in Appendix E. 

 

Sediment samples were collected in three different areas along the shore.  Samples SSD-333 through 

SSD-337 and 411, 412, 413, 432, 414, 417, 442, 445, 439, 424, and 425 were collected along the 

shoreline in the intertidal area.  Samples OFF-1 through OFF-7 as well as numerous 400 series samples 

were collected from the nearshore marine sediment at and immediately below the low-tide line. The 

remaining samples, OFF-8 through OFF-23, were collected from offshore marine sediment seaward of 

the low-tide line. 

 

The areas along the beach (samples SSD-333 through SSD-337 and 411, 412, 413, 432, 414, 417, 442, 

445, 439, 424, and 425) are considered areas of concern because those samples exceed human health 

PRGs. The areas surrounding samples 410, OFF-3, OFF-5, and OFF-6 are also areas of concern based 

on those samples exceeding ecological PRGs.  Sample OFF-18 exceeded PRGs based on ecological 

risk; however, it is not included as an area of concern because of its isolated location near a former 

boathouse in Coasters Harbor. 
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Samples at all stations included a depth interval of 0-0.5 feet.  At three locations, 5, 5E and 6, sediment 

samples were collected to a maximum depth of approximately 3.5 feet.  These samples revealed 

concentrations of COCs above PRGs only within the upper intervals (maximum depth of less than one 

foot).  Therefore a depth of 1 foot has been selected as a conservative target interval for determination 

of sediment volume for the areas below the low tide line.  The depth of the contaminated sediment at the 

beach area is assumed to be 2 feet and is based on the maximum depth of observed contamination in 

the beach samples. 

 

Based on currently available data, the areas and volumes to be addressed in the FS are as follows: 

 

•  The areas exceeding recreational PRGs were estimated by using phase 1 predesign data that 

shows all intertidal sediments sampled exceeds these PRGs.  The area exceeding the human 

recreational PRGs is limited to intertidal sediment and is estimated to be approximately 77,171 

square feet.  The volume is approximately 5,716 cy. 

 

•  The areas exceeding ecological PRGs is 17,638 square feet.  Of this amount, approximately 

7,824 square feet is the area below the low tide line.  The volume of sediment below the low tide 

line is approximately 290 cy, based on a one foot depth interval. 

 

•  Areas of eelgrass are present beyond the low-tide line and intersect a small area of the 

contaminated nearshore sediment.  The area of eelgrass in this contaminated zone is 

approximately 2,039 square feet. The associated volume of the contaminated sediment in the 

eelgrass beds using a 1-foot depth is 76 cy, based on currently available data.  Additional data 

will be developed to better define this area. 

 

A summary of the areas and volumes is as follows: 

 

Medium Area (sq. ft) Volume (cy) 

Intertidal (beach) 

Sediment (between 

high and low tide) 

 

77,171 

 

5,716 

Subtidal Sediment 

(below low tide), 

includes eelgrass 

7,842 290 

Eelgrass only 2,039 76 
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3.0  IDENTIFICATION AND SCREENING OF TECHNOLOGIES 

 

Technology identification and screening are important preliminary steps in developing remedial 

alternatives.  In this phase of the FS, potentially applicable technology types and process options are 

identified.  The technologies and process options are then screened by evaluating each with respect to 

technical implementability, thereby reducing the number considered further.  The technologies and 

process options considered to be implementable are then evaluated in greater detail, and representative 

options are selected for subsequent development and evaluation of remedial alternatives. 

 

The identification, screening, and evaluation of technology types and process options are summarized 

below by completing the following steps: 

 

•  Developing GRAs for each medium of concern that will satisfy the RAOs. 

 

•  Identifying and screening remedial technologies applicable to each general response action. 

 

•  Evaluating and selecting representative technology types and process options. 

 

Section 3.1 identifies the GRAs that may be implemented at the site.  Section 3.2 discusses the 

technologies to be considered and provides a preliminary screening to focus the technology types 

deemed applicable.  Section 3.3 presents a discussion of the final evaluation and selection of 

representative technologies.  A summary of the technologies retained for further consideration in site-

specific remedial alternatives is provided in Section 3.4. 

 

3.1  GENERAL RESPONSE ACTIONS 

  

General response actions describe categories of actions that could be implemented to satisfy the RAOs 

for each medium of concern at a site.  GRAs may include treatment, containment, excavation, extraction, 

disposal, institutional controls, or a combination.  Typically, in developing remedial alternatives, 

combinations of GRAs may be identified to fully address all the RAOs. 

 

GRAs identified as applicable for remediating soil, groundwater, and marine sediment at the site include 

the following: 

 

•  No Action 

•  Limited Action 

•  Containment 
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•  Removal 

•  Disposal 

•  Treatment 

 

These GRAs are summarized below. 

 

3.1.1  No Action 

 

Under the no action option, the site is left ″as is,″ without implementing institutional controls, containment, 

removal, or treatment.  This option, furthermore, does not provide for monitoring or placing access 

restrictions on contaminated media at the site.  However, examination of this option is retained throughout 

the FS process, as required by the NCP.  Although this option requires no remedial action, it provides a 

baseline against which other GRAs can be evaluated. 

 

3.1.2  Limited Action 

 

The limited action option is comprised primarily of institutional controls and access restrictions that may 

limit use or access to the site to reduce or eliminate risks of exposure to hazardous materials.  Limited 

actions also include implementing a long-term monitoring program to assess changes in environmental 

conditions existing at the site.  While institutional controls and access restrictions alone do not reduce the 

toxicity, mobility, or volume of contaminated media through direct means, naturally occurring attenuation 

processes may reduce contaminant concentrations over an extended period of time.  Data generated 

from long-term monitoring activities would provide information to assist in determining the rate of natural 

attenuation, as well as the potential migration of COCs from the soil and marine sediment.  Monitoring 

would also provide information on which to base a decision regarding the need to implement additional 

remedial actions should migration be observed. 

 

3.1.3  Containment 

 

Containment options reduce potential exposure risks through the application of physical means.  Physical 

barriers prevent direct contact with contaminated media as well as managing potential erosion or 

migration.  Barriers may consist of permeable or impermeable caps and may be comprised of natural 

and/or synthetic materials.  Containment may also reduce the mobility of the contaminated media but 

does not affect toxicity or volume. 
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Containment of sediment in an underwater, marine environment also involves issues related to settling of 

the capping material during placement, and both permeability and transmissivity of the cap once in place. 

The cap must also be designed to withstand erosion forces of tides, waves, and localized currents. 

 

3.1.4  Removal 

 

Removal technologies are used to collect contaminated media from their present locations and move 

them for subsequent disposal.  For soil, removal is typically performed by excavation equipment, such as 

trackhoes, backhoes, and pan scrapers.  For groundwater, removal is typically accomplished by pumping 

the water to the surface using recovery wells or dewatering trenches.  For marine sediment, removal is 

typically performed by the use of excavation and/or dredging equipment.  Removal reduces the volume of 

contaminated media remaining on site and allows site conditions to attenuate more rapidly than they 

would under natural conditions. 

 

Removal of marine sediment also involves materials-handling issues related to sediment suspension, 

sediment dewatering, and residual water treatment/disposal.  Sediment dewatering is necessary as a 

processing step to render the removed material suitable for disposal as a consolidated solid.  Residual 

water generated from dewatering the sediment removed from the marine environment may require 

treatment prior to direct discharge into Narragansett Bay or disposal at a local publicly owned treatment 

work (POTW). 

 

3.1.5  Disposal 

 

Disposal technologies are combined with removal and/or treatment technologies to develop alternatives 

to clean up contaminated media at the site.  Depending on the nature of the contaminated media, 

disposal may include the following options: disposal at an off-base Resource Conservation and Recovery 

Act (RCRA) Subtitle C/RCRA Subtitle D landfill or treatment, storage, and disposal facility (TSDF); 

disposal on land at a designated on-site/on-base location; or, for marine sediment, contained aquatic 

disposal (CAD).  Disposal in a properly secured and maintained manner reduces the mobility of the 

contaminated media. 

 

3.1.6  Treatment 

 

Treatment technologies can be implemented in situ or combined with removal and disposal options. 

Following removal, contaminated sediment may require treatment to reduce their volume, mobility, and/or 

toxicity prior to disposal.  Treatment options include technology types and process options using thermal, 
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physical, chemical, and/or biological means.  Treatment options include in situ and ex situ processes.  Ex 

situ processes may further include both on-site/on-base and off-base options. 

 

For sediment, in situ treatment options may not be viable, primarily due to the location of the remedial 

areas within the marine environment.  The nature of the contaminants, their relatively low concentrations, 

and the extremely low PRGs set for the coastal area may further deem in situ options ineffective and 

inefficient in achieving the RAOs.  However, options are identified and evaluated for applicability in 

Section 3.2. 

 

Ex situ treatment options are included for consideration in combination with off-base disposal options. 

Based on existing analytical data, marine sediment removed from the site is expected to be of acceptable 

quality for direct disposal in a RCRA Subtitle D landfill without pretreatment.  However, because the 

available data regarding contaminant concentrations at depth is limited, and sediment has not been 

sampled for all disposal parameters, contingency has been included for treating a fraction of the materials 

removed.  This contingency includes treating approximately 20 percent of the material from the site area 

because of elevated concentrations of metals and PAHs.  In addition, use of a bulking agent may be 

necessary for all materials dredged due to the free liquids that may be present. 

 

3.2 PRELIMINARY SCREENING OF TECHNOLOGIES AND  
 PROCESS OPTIONS FOR SOIL 
 

3.2.1  Preliminary Screening 

 

A variety of technologies and process options exist for each GRA described in Section 3.1.  A range of 

these technology types and process options was identified and screened to focus on relevant 

technologies and process options.  Summaries of the identification and preliminary screening of 

technologies and process options appropriate for soil are provided in Table 3-1.  Many options are 

eliminated based on technology screening.  All options not eliminated due to overall applicability concerns 

(technical implementability) are retained for a more detailed evaluation in Section 3.2.2. 

 

3.2.2  Evaluation of Technologies and Process Options 

 

In this step, process options considered implementable following preliminary screening are evaluated in 

greater detail prior to selecting representative process options to use in developing remedial alternatives. 

One representative process option is selected, if possible, from each technology category to simplify 

subsequent development and evaluation of alternatives without limiting flexibility during remedy selection 

or remedial design.  The evaluation criteria include effectiveness, implementability, and cost, with a focus 

on effectiveness.  Brief descriptions of the criteria are as follows: 
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•  Effectiveness focuses on the potential ability of a process option to handle the estimated areas or 

volumes of media, and to meet the remediation goals identified in the RAOs, the potential impacts 

to human health and the environment during construction and implementation, and the technical 

reliability (effectiveness of innovative versus well-proven technologies) with respect to the 

contaminants and conditions at a site. 

 

•  Implementability encompasses both the technical and institutional feasibility of implementing a 

process.  The preliminary screening of technology types and process options was based on an 

evaluation of technical implementability issues in order to eliminate options that were clearly 

ineffective or unworkable at a site.  The subsequent, more detailed, evaluation places greater 

emphasis on the institutional aspects of implementability [coordination with various regulatory 

agencies and contractors; the availability of treatment, storage, and disposal services; and the 

availability of necessary equipment and skilled workers to provide long-term operation and 

maintenance (O&M) services, etc.]. 

 

•  Cost plays a limited role in the screening of process options.  Options are evaluated based on 

relative capital and O&M costs (whether the costs are high, medium, or low relative to the other 

options in the same technology type).  At this point in the evaluation, the cost analysis is based 

on engineering judgment and not on detailed estimates. 

 

A discussion of the screening and detailed evaluation of technology types and process options using 

these criteria is provided in the following sections. 

 

3.2.2.1  No Action 

 

The no action scenario is considered to provide a baseline level to which other remedial technologies and 

alternatives can be compared.  Under this scenario, no removal or treatment of the contaminated soil 

would occur. 

 

Assessment of this option is as follows: 

 

•  Effectiveness:  The no action option would not achieve any of the remedial objectives.  Human 

health risks associated with exposure to carcinogenic and non-carcinogenic contaminants in the 

soil could become greater over time as a result of erosion; long-term protection of groundwater 

would not be provided since the contaminants in the soil would potentially continue to migrate into 

the groundwater; and re-use of the property would be impeded.  Because contaminated soil 



 

W5201240F 3-6 CTO 833 

would remain on site, 5-year site reviews would be conducted to evaluate the contamination 

status of the area.  Other effectiveness criteria are not applicable for the no action scenario. 

 

•  Implementability:  No implementability considerations are associated with the no action scenario. 

 

•  Cost:  Because no actions would be taken other than 5-year reviews of site status, capital and 

O&M costs would be negligible. 

 

The no action scenario is retained as a baseline, as required by the NCP. 

 

3.2.2.2  Limited Action 

 

The components of limited action that are evaluated in this screening are deed restrictions, fencing, 

posting of signs, and monitoring. 

 

Deed Restrictions/ Land Use Restrictions 

 

Deed restrictions are institutional controls that are typically placed on property deeds.  These restrictions 

are used to limit future activities or uses of a site to prevent human contact with contaminated soil or 

groundwater. Deed restrictions commonly used to reduce exposure to contaminated media include 

prohibitions on installing water supply wells, restrictions on types of development allowed (e.g., no 

residential use), and limitations on certain types of construction (e.g., excavation, buildings with 

basements).   

 

The State of Rhode Island requires Environmental Land Usage Restrictions (ELURs) in most cases 

where contaminants are left in place at concentrations greater than those protective against direct 

exposure associated with residential land usage.  The decision document describes the types of 

pollutants, location of pollutants, and what activities and uses are prohibited.  Any land use controls would 

be implemented in accordance with the Department of Defense Guidance on Land Use Controls 

Associated with Environmental Restoration Activities for Active Installations, dated January 17, 2001. 

 

When the Navy excesses property through lease or sale, they will do an Environmental Baseline Survey 

to identify possible hazards associated with that property. Any restriction based on the contaminants 

present will be identified in the baseline survey for the next occupant.  If the land is to be leased, the use 

restrictions identified in the baseline survey are written into the lease.  If the land is sold and released 

from Navy jurisdiction, the ELUR is written into the new property title and deed.  
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Any time that the Navy retains the property, the “activity” (in this case Naval Station Newport Public 

Works Dept.) enforces any land use control necessary, an ELUR is not required, and the RIDEM has no 

jurisdiction. 

 

If an ELUR is developed, a legal description of the Land Use Controls and a class 1 survey prepared by a 

surveyor licensed in Rhode Island will be prepared as required by RIDEM Remediation Regulations cited 

above.  The Navy would then request the General Services Administration include a covenant prohibiting 

residential use of the property should it be transferred outside the federal government so long as the 

residential standards in soils are exceeded.   

 

In cases where Deed Restrictions or ELURs are placed to address contamination at a site, the 

responsible party must submit an annual report to the DEM documenting that all of the restrictions are 

being met.  This report must be submitted every year as long as the restrictions remain on the property.  

The Office of Waste Management will periodically inspect the site to ensure that the provisions of the 

deed restrictions are being met (RIDEM 4/02).   

 

Assessment of this option is as follows: 

 

•  Effectiveness: Deed restrictions could be applied to limit construction activities and future 

residential or commercial/industrial land use of the area.  However, these restrictions do not 

address the contaminant migration component of the remedial objectives.  They are also not 

effective for ecological receptors.  Deed restrictions, by themselves, are not effective in the long 

term to reduce risk and, therefore, would not achieve the RAOs.  No additional risks to human 

health and the environment would directly result from the imposition of deed restrictions. 

 

•  Implementability: Deed restrictions may be implemented by the property owners or by state and 

local authorities.  If property owners are not willing to place the desired restrictions on the 

property deeds, legal action by state or local authorities would be necessary to implement the 

deed restrictions.  In Rhode Island, deed restrictions are voluntarily placed on the property by the 

owner. 

 

•  Cost:  Because only administrative actions would be taken, capital costs would be very low and 

no O&M costs would be incurred. 

 

Deed restrictions are not effective as a stand-alone action, although they can be used in conjunction with 

other technologies to restrict future exposure to surface or subsurface contaminants.  However, they do 
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not meet the RAO to allow unrestricted residential use of the site.  Therefore, deed restrictions are 

eliminated from further consideration. 

 

Fencing 

 

Fencing may be used as a barrier to restrict access to areas where contaminants are present at or near 

the surface, thereby limiting direct contact exposure.  Access to the OFFTA, where contaminated soil is 

present, is currently restricted by fencing. 

 

Assessment of this option is as follows: 

 

•  Effectiveness: Fencing would not meet RAOs because it does not reliably prevent access to 

contaminated soil and would not reduce leaching of contamination to groundwater and surface 

water.  Fencing provides limited protection of human health by discouraging trespasser access to 

areas where subsurface contamination is present.  The effectiveness of fencing in reducing 

access and thereby reducing exposure to contaminants is highly dependent on fence 

maintenance and on the determination of the would-be trespasser.  Even well-maintained fencing 

is not likely to be completely effective in restricting access, particularly by a determined 

trespasser.  Fencing would not be effective in the long term to eliminate risk.  Fencing would not 

protect ecological receptors or groundwater nor limit the migration of contaminants from source 

areas and may impede re-use of the property.  No additional risks to human health and the 

environment would result from the installation of fencing. 

 

•  Implementability:  Installation of new fencing is readily implementable.  Contractors and 

equipment are readily available for fence installation and maintenance. 

 

•  Cost:  The capital and O&M costs for fencing would be low. 

 

Fencing is not effective for achieving RAOs because it does not allow unrestricted residential reuse of the 

site.  Fence installation is eliminated from further consideration. 

 

Post Signs 

 

The posting of signs may be used as a means of indicating areas where contaminants are present at or 

near the surface, thereby preventing direct contact exposure.  The OFFTA, where contaminated soil is 

present beneath the surface, is currently posted with warning signs. 
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Assessment of this option is as follows: 

 

•  Effectiveness: Sign posting would not meet RAOs because it does not reliably prevent access to 

contaminated soil and would not reduce leaching of contamination to groundwater and surface 

water.  Signs provide only limited protection of human health by discouraging trespasser access 

to areas where subsurface contamination is present.  Signs would not be effective in the long 

term to eliminate risk, nor would they protect ecological receptors or groundwater nor limit the 

migration of contaminants from source areas.  No additional risks to human health and the 

environment would result from the installation of signs. 

 

•  Implementability: Installation of new signs is readily implementable.  Contractors and equipment 

are readily available for sign installation and maintenance. 

 

•  Cost: The capital and O&M costs for posting signs would be low. 

 

Signs are not effective for achieving RAOs because they do not allow unrestricted residential reuse of the 

site.  Sign installation is eliminated from further consideration. 

 

Monitoring 

 

Sampling and analysis of groundwater and soil at the OFFTA could be used to evaluate potential leaching 

and migration of contaminants from contaminant source areas.  Monitoring will be required for any 

technologies and process options where contaminated soil remains in place. 

 

Assessment of this option is as follows: 

 

•  Effectiveness: Monitoring would not reduce the toxicity, mobility, or volume of contaminants in the 

soil or groundwater.  Monitoring would not provide any additional protection to the environment 

since contaminants could spread into uncontaminated or less contaminated areas.  However, by 

serving as a warning mechanism, periodic monitoring would allow the responsible agency to 

gauge contaminant migration and determine whether future actions are necessary to mitigate 

risk.  Monitoring will facilitate evaluating the effectiveness of source control measures in 

preventing contaminant leaching. 

 

•  Implementability: A monitoring program could be readily implemented at the OFFTA, using 

existing monitoring wells.  For soil samples, additional borings or hand augers would be 

necessary. 



 

W5201240F 3-10 CTO 833 

 

•  Cost: The capital and O&M costs for periodic monitoring would be moderate. 

 

Monitoring would be an effective and easily implementable method of observing contaminant migration 

and the progress of remediation.  Alone, it would provide no additional protection of human health or the 

environment.  Monitoring will be required for any technologies and process options where contaminated 

soil remains in place.  As a result, monitoring will be retained for consideration only in combination with 

other process options. 

 

3.2.2.3  Containment 

 

The following containment technologies and process options for contaminated soil are evaluated in this 

section. 

 

•  Impermeable Cap 

•  Permeable Cover 

 

Impermeable Cap 

 

Capping involves installing an impermeable barrier over the contaminated soil to restrict access and 

reduce infiltration of precipitation into the subsurface.  Impermeable and low-permeability barriers are 

appropriate where soil contamination threatens groundwater or surface water.  Regrading of soil prior to 

capping may be required.  Cap materials can either be natural or synthetic.  Frequently used materials 

include low-permeability clays such as bentonite and synthetic membranes such as high-density 

polyethylene, polyvinyl chloride, and Hypalon.  These materials are typically covered with a clean fill and 

vegetation (grass) or asphalt to protect them against damage caused by puncturing and weathering.  

Capping will involve regrading to provide for erosion and drainage control. 

 

Assessment of this option is as follows: 

 

•  Effectiveness: Capping can achieve RAOs associated with preventing exposure to contaminated 

soil and minimizing the migration of contaminants from the site, although it would not meet the 

RAO of allowing unrestricted residential reuse of the site.  Capping is a reliable technology that 

would reduce risk to human health by providing a barrier between contaminated soil and potential 

receptors, thus significantly limiting fugitive dust emissions and direct contact with contaminated 

soil.  Capping would be effective in limiting the infiltration of precipitation and consequently the 

potential leaching of contaminants from unsaturated soil to groundwater.  Capping alone would 
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not prevent potential contaminant leaching to groundwater from saturated soil.  Because capping 

does not eliminate the natural flow of groundwater through the subsurface, any contaminated 

saturated zone soil would remain a continuing source of contamination to groundwater.  Capping 

only isolates existing contamination, offering no decrease in contaminant levels.  Since 

contaminants remain in place, the long-term effectiveness of capping depends on adequate long-

term cap maintenance.  During remedial activities, fugitive dust emissions would have to be 

controlled to minimize effects on human health and the environment.  Emissions can be safely 

and adequately controlled using standard engineering controls such as dust suppressants and 

enclosures. 

 

•  Implementability: The construction of an impermeable cap is readily implementable at the 

OFFTA.  A variety of proven capping materials can be used, including soil, clay soil, geosynthetic 

membranes, and combinations of these materials.  Due to the mounds and grade differential 

across the OFFTA, significant earthwork may be required to achieve proper slopes for cap 

stability and surface water runoff control.  Remedial activities involving capping are relatively 

common and can be conducted by many contractors.  No permits or other administrative 

requirements would be necessary for on-site activities.  Because the contaminated soil would 

remain in place, the need for TSDFs is not a concern.  However, deed restrictions and ELURs 

would be required in conjunction with capping to limit the future use of the capped areas or 

actions that may damage the cap.  Long-term groundwater monitoring would also be 

implemented. 

 

•  Cost: The capital costs for conventional cap construction are expected to be moderate.  O&M 

costs are low for an impermeable cap. 

 

Capping with an impermeable barrier would prevent exposure to contaminated soil and minimize 

migration of source contaminants, but it would also prevent unrestricted residential reuse.  It will be 

eliminated from further consideration because it does not meet the RAO of allowing unrestricted use. 

 

Permeable Cover 

 

Permeable covers and soil caps are lower cost alternatives to conventional caps.  Permeable covers and 

soil caps are placed over contaminated soil to prevent access to surficial and near-surface contaminants.  

Because they provide little or no reduction in infiltration, they are appropriate for use where direct 

exposure to contaminated material is to be prevented and contaminant leaching to groundwater is not a 

concern. 
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Assessment of this option is as follows: 

 

•  Effectiveness: Installation of a permeable cover or soil cap would achieve the RAO for preventing 

direct exposure to contaminated soil but would not achieve the RAO for protection of the 

environment, which is to minimize leaching of contaminants to groundwater or the RAO that the 

site be available for unrestricted residential reuse.  A permeable cover or soil cap would not be 

effective in preventing infiltration or potential leaching of soil to groundwater.  Because 

contaminated soil remains in place, the effectiveness of a permeable cover or soil cap in 

preventing direct exposure to contaminants depends on adequate cover maintenance. 

 

•  Implementability: Construction of a permeable cover or soil cap is readily implementable at the 

OFFTA.  Specialized construction techniques are not required, and qualified contractors and 

necessary cover materials are readily available.  Earthwork requirements would be similar to 

those described for an impermeable cap.  No permits or other administrative requirements would 

be necessary.  Because no off-site activities would be occurring, the need for TSDFs is not a 

concern.  Deed restrictions and ELURs would be required in conjunction with the cover to limit the 

future use of or intrusion into the covered areas.   

 

•  Cost: The capital and O&M costs for a permeable cover are low. 

 

Because a permeable cover or soil cap would not achieve all RAOs, use of a permeable cover or soil cap 

will be eliminated from further consideration. 

 

3.2.2.4  Removal 

 

The only component of removal that is evaluated in this screening is bulk excavation. 

 

Bulk Excavation 

 

Bulk excavation involves the large-scale removal of soil and debris.  Traditional excavation equipment 

such as hydraulic excavators, scrapers, bulldozers, wheel loaders, and off-road dump trucks are typically 

used.  The excavated material could be loaded onto trucks and hauled to an approved treatment or 

disposal facility, or could be treated and/or relocated at the site or another location on base.  Backfilling 

open excavations would require the use of clean fill or decontaminated, solidified/stabilized soil. 

 

Assessment of this option is as follows: 
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•  Effectiveness: Bulk excavation would be effective for handling the volume of contaminated soil 

and noncontaminated debris at the OFFTA.  Control of fugitive dust would be required during 

excavation to protect on-site workers and the surrounding community.  Standard engineering 

controls such as dust suppressants would adequately and safely control airborne contaminants.  

This technology, combined with subsequent treatment and/or disposal, would be a permanent 

solution and attain the goals outlined in the RAOs.  The quantities of material involved and the 

types of soil at the study area can be excavated. 

 

•  Implementability: Excavation is readily implementable for shallow, easily accessible soil.  Deeper 

soil and saturated soil at or near the water table are somewhat more difficult to excavate.  

Excavation would most likely be accomplished in a staged approach to minimize adverse 

conditions.  Contractors for this type of excavation are readily available in this area.  If excavated 

materials are disposed of off base, transportation and TSDF requirements must be met. 

 

•  Cost: The costs range from moderate for shallow soil to high for deeper, saturated soil. 

 

Removal of contaminated soil by bulk excavation is retained for further evaluation in conjunction with 

other process options. 

 

3.2.2.5  Disposal 

 

Landfills 

 

Contaminated soil and debris may ultimately be disposed of at a regulated landfill.  Depending on the 

contaminants and their concentrations, the material may or may not require treatment prior to landfilling.  

The treatment, if necessary, can be part of a process option chosen in the selected remedy or can be 

provided by the operator of the landfill as part of the disposal service. 

 

The types of landfills considered are hazardous waste landfills and non-hazardous waste landfills.  The 

principal differences between these landfills are the administrative requirements and the design of the cap 

and base to prevent infiltration and leaching.  These two types of landfills are described as follows: 

 

•  Hazardous Waste Landfill 

 

Hazardous waste landfills are regulated by the landfill and post-closure requirements of RCRA (40 CFR 

264 and 265, Subparts G and N), the Toxic Substances Control Act (TSCA) for PCBs, and state and local 

laws.  Among the requirements are foundations, double liner systems, leak detection systems, leachate 
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collection and treatment systems, capping, post-closure inspections and maintenance of the landfill (30-

year period), and post-closure groundwater monitoring (30-year period). 

 

•  Non-hazardous Landfill 

 

Non-hazardous landfills include municipal waste landfills and construction/demolition waste landfills.  

Design and operating practices are somewhat similar to hazardous waste landfills; however, the 

permitting requirements are not as stringent.  These landfills may be used for wastes that are not 

classified as hazardous but may still significantly contaminate groundwater.  Among the design and 

operating requirements are foundations, liner systems, leak detection systems, leachate collection and 

treatment systems, capping, post-closure inspection and maintenance of the landfill, and post-closure 

groundwater monitoring. 

 

Hazardous and non-hazardous landfills are currently available off base to accept wastes. 

 

Assessment of this option is as follows: 

 

•  Effectiveness: Disposal of soil and debris at a landfill would achieve the RAOs by preventing 

direct exposure to and the leaching of contaminated soil.  Since a significant portion of the soil is 

contaminated with metals, which are not easily treated, a landfill may be required for ultimate 

disposal.  The options available include a secure hazardous waste landfill and a non-hazardous 

landfill.  The selection of one landfill over another depends on the relative toxicity of the soil and 

debris, the risks associated with their disposal, and the regulatory requirements.  The 

contaminated soil contains elevated levels of metals and organics. 

 

Soil containing contaminants restricted under RCRA land disposal restriction (LDR) regulations 

would have to be treated to acceptable levels prior to landfilling.  In addition to these RCRA-

mandated LDRs, pre-treatment requirements are typically established by individual landfill 

operators to comply with their respective permit conditions.  The treatment can usually be 

provided by the operator of the landfill as part of a turnkey package of the disposal service. 

 

Disposal of hazardous substances would have to comply with the CERCLA Off-site Rule 40 CFR 

300.440), which establishes criteria for selecting an appropriate TSDF and prohibits the use of a 

RCRA facility for off-site management of Superfund hazardous substances if the facility has 

significant RCRA violations. 
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A hazardous waste landfill is appropriate for disposal of most contaminated soil, and a non-

hazardous landfill may be appropriate for slightly contaminated soil or those that have been 

treated by a process option. 

 

Landfills should be capable of handling the volumes of contaminated soil and debris from the 

OFFTA.  Landfilling alone would achieve some of the remediation objectives.  Because 

concentrations of leachable metals are present in the site soil, some treatment (either as part of 

the selected remedy or by the landfill operator) would likely be required prior to landfilling the 

contaminated soil.  Risks to human health and the environment associated with implementing 

landfilling are considered minor. 

 

•  Implementability: Landfill disposal is implementable, although availability of off-base landfill 

capacity may be limited.  For off-base landfill disposal, transportation requirements must be met 

to transport the various types of wastes from the base.  Treatment of the wastes in compliance 

with RCRA LDRs prior to landfilling may be required for some of the soil.  Off-base TSDFs are 

available to receive this waste, although the high volume of soil and debris from the OFFTA may 

limit the number of facilities willing to accept the material.  Also, no hazardous waste landfills are 

located in Rhode Island (the closest is Model City, New York).  Equipment and resources needed 

to transport the soil are readily available. 

 

•  Cost: For disposal in off-base landfills, the relative capital costs are moderate to high (depending 

on the distance of transportation of wastes).  Disposal in hazardous waste landfills is the most 

expensive of the landfill options, while disposal in a non-hazardous landfill is less expensive. 

 

Landfilling is an effective containment option for the contaminated soil and is implementable when using 

existing off-base facilities.  As a result, off-base landfill disposal is retained for further consideration. 

 

On-Site Backfill 

 

Treated or clean soil would be used to backfill any excavated areas at the site.  If an on-site treatment 

process is also used in conjunction with excavation, backfilling is accomplished using the treated soil.  

After the contaminated soil has been treated and certified as being "clean," it is placed back in the 

excavated areas from which it was removed.  If no treatment process is included with the excavation, 

clean soil would be brought in from off site to use for backfill. 

 

Assessment of this option is as follows: 
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•  Effectiveness: Backfilling is an effective method for disposing of treated soil.  Clean, off-site soil 

could also be effectively used as backfill if no treatment process is used at the site. 

 

•  Implementability: Backfilling with treated soil is implementable when used in conjunction with a 

treatment process.  No treatment is necessary if clean backfill is brought in from an off-site 

location. 

 

•  Cost: Backfilling costs are considered to be minimal. 

 

Backfilling with either treated soil or clean, off-site soil is retained for further consideration. 

 

Treatment, Storage, or Disposal Facility 

 

A TSDF is a facility that accepts contaminated material for disposal and provides treatment prior to 

landfilling, if necessary.  A TSDF is similar to a landfill facility other than the treatment aspect; in fact, 

many landfill operators also operate TSDFs.  TSDFs are controlled by regulations contained in 40 CFR 

Parts 264 and 265.  The TSDF and the transporter would be selected during the remedial design phase 

of the remediation program from an approved list generated by RIDEM. 

 

Several factors should be considered when selecting a TSDF for treatment of hazardous wastes.  RCRA 

permits are likely to be required.  Other federal and state hazardous waste permits as well as air quality 

permits might also be required. 

 

The generator must be careful when choosing a TSDF because some may still be under interim status, 

which could cause a liability problem.  Usually, a facility can accept several types of waste but offers only 

one waste management technology, such as a secure landfill, solvent extraction, or incineration.  

References should be checked and validated before choosing a TSDF.  Also, a reliable hazardous waste 

transporter should be chosen. 

 

Assessment of this option is as follows: 

 

•  Effectiveness: TSDFs, if operated properly, are effective in treating, storing, and disposing of 

hazardous wastes. 

 

•  Implementability: The TSDF option is implementable.  Facilities are available to accept the types 

and volumes of waste from the OFFTA, although an out-of-state facility would likely be required. 
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•  Cost: Costs for TSDFs are high. 

 

The use of TSDFs is retained for further consideration. 

 

3.2.2.6  Treatment 

 

The following treatment technologies and process options for contaminated soil are evaluated in this 

section. 

 

•  Immobilization 

- Solidification/Stabilization 

•  Thermal Treatment 

- Incineration 

- Low-Temperature Thermal Stripping 

- Vitrification 

•  Physical Treatment 

- Soil Flushing 

- Soil Washing 

•  Chemical Treatment 

- Solvent Extraction 

•  Biological Treatment 

- Aerobic Biodegradation 

 

Discussion of in situ treatment indicates that treatment takes place in the ground without excavation.  Ex 

situ treatment implies the removal of waste from the ground and transport to a treatment unit either on the 

site or off base. 

 

Solidification/Stabilization 

 

Solidification/stabilization processes involve mixing excavated contaminated materials with proportional 

amounts of treatment reagents to physically or chemically decrease the mobility of contaminants in the 

waste and convert the contaminants to a less soluble, less mobile, or less toxic form.  The end product 

may be a standing monolithic solid or may have a crumbly, soil-like consistency, depending on the 

amount and type of reagent added.  A typical ex situ treatment system consists of a materials feed 

system, a reaction tank equipped with mixing equipment, and an area for curing.  For in situ treatment, 

the treatment reagent is mixed into the soil using large augers or tilling equipment.  The effectiveness of 

the immobilization process is evaluated by running leaching tests such as the Toxicity Characteristic 
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Leaching Procedure (TCLP) or the Synthetic Precipitation Leaching Procedure (SPLP) on the treated 

materials. 

 

Portland cement and pozzolanic (silica-bearing substances) materials such as fly ash are widely used as 

immobilization reagents because of their ready availability and effectiveness in binding contaminants to 

minimize leaching.  A number of additives have been developed for use with cement and pozzolanic 

materials to improve the physical characteristics and decrease the leaching losses from the resulting 

solidified material.  In addition to cement and pozzolanic materials, other reagents such as organic 

polymers, thermoplastic materials, and sorbents are also utilized; however, these materials are less 

effective in binding the contaminants, and the resultant products are more susceptible to degradation and 

leaching than materials stabilized with cement or pozzolanic materials. 

 

Solidification/stabilization has reportedly been capable of immobilizing up to 99 percent of inorganic 

contaminants at some sites, but was not successful at significantly immobilizing organic contaminants 

(EPA, 1989a).  One study indicated that VOCs did not leach from the solidified matrix; however, the study 

attributed the removal of VOCs in part to volatilization during extraction and mixing (Longest, 1989).  

Another study found that PCBs were 100 percent immobilized, but also suggested that TCLP results from 

samples of the soil before treatment indicated no PCB leaching (EPA, 1989b). 

 

Assessment of this option is as follows: 

 

•  Effectiveness: Solidification/stabilization processes have been widely demonstrated in full-scale 

remediation projects to immobilize metals in soil.  Cement- and pozzolan-based methods have 

been effective for immobilizing heavy metals including lead.  Additionally, the cured mix can be 

solidified as a soil-like product that could be more easily placed as fill. 

 

Immobilizing of organic compounds may be effective in some cases.  Data from several bench-

scale studies indicate that immobilization of SVOCs, particularly PAHs, is possible.  PCB 

immobilization may be effective, particularly where initial concentrations are low.  However, 

limited test data are available to support this conclusion (EPA, 1990).  Solidification/stabilization 

would likely be effective in immobilizing lead and other metals, even at high concentrations, to 

prevent their leaching into the groundwater; however, immobilization of all organic contaminants 

is unlikely, although some reduction in leachability for select organics may occur. 

 

Solidification should be capable of handling the volume of contaminated soil at the site.  The 

process should be effective in significantly reducing the mobility of the COC metals present in the 

soil.  The treated residual must be tested prior to disposal to ensure that disposal requirements 
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are met.  Implementation should not cause any adverse effects on human health and the 

environment. 

 

Solidification/stabilization can be performed either ex situ or in situ.  However, the ex situ process 

is more easily controlled and is therefore easier to ensure effective treatment.  In situ treatment 

may prove more difficult to ensure complete mixing of treatment reagents, especially at depth. 

 

•  Implementability: Solidification/stabilization is an implementable technology for soil at the site but 

would require significant staging.  The equipment and resources necessary to treat the soil are 

available, with several vendors capable of performing this work.  If treatment is conducted on site, 

either in situ or ex situ, space is necessary to build or stage treatment equipment; constraints 

such as meeting TSDF requirements and facility monitoring are also concerns.  If the treatment is 

conducted off base, some facilities are available that would be able to treat this waste.  

Transportation and TSDF requirements must be met for off-base treatment.  If solidification is 

chosen as a treatment option, it would probably be better implemented in situ at the site due to 

the large extent of contaminated soil.  Also, less effort would be required to stage equipment for 

in situ treatment than for ex situ treatment.  

 

•  Cost: The relative capital and O&M costs are moderate for cement-based solidification/ 

stabilization methods. 

 

In situ solidification/stabilization is an effective and implementable technology for immobilizing metals in 

contaminated soil and can provide stabilization for some organics.  Ex situ cement-based solidification of 

the contaminated soil should be effective to immobilize COC metals in the soil but may be difficult to 

implement; in situ solidification may be more easily implemented but may be less effective.  Both in situ 

and ex situ cement-based solidification are retained for further consideration. 

 

Incineration 

 

Incineration is a thermal oxidation process that uses high-temperature, controlled flame combustion in an 

enclosed reactor to decompose organics in solids, liquids, and gases.  Carbon and hydrogen waste 

components are converted to carbon dioxide and water, respectively.  Chlorine, if present, is mostly 

converted to hydrochloric acid.  Other combustion products are also formed in smaller quantities and may 

include carbon monoxide, nitrogen oxides, and free chlorine and fluorine.  Inorganics are not treated in 

incineration and, in some situations, the end product may become more toxic due to a concentration 

effect.  Incineration produces a solid stream from the incombustible portion of the original material, which 

is removed as bottom and fly ash, detoxified soil, and possibly other solid treatment residuals.  If a wet 
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scrubber air pollution control system is used, a liquid waste stream could also be generated.  Depending 

on the original waste stream, process residuals may require further treatment and/or disposal (for 

example, residuals may need treatment to remove or immobilize metals).  The rotary kiln incinerator, 

which is capable of burning a broad range of hazardous solids, slurries, liquids, and gases, is the most 

common and versatile type of incinerator.  Other types of incinerators capable of treating contaminated 

soil include the circulating bed, multiple hearth, and infrared incinerators. 

 

Assessment of this option is as follows: 

 

•  Effectiveness: Incineration is a highly proven technology to treat wastes containing high 

concentrations of organics.  Incinerators have successfully been demonstrated to destroy 

refractory compounds such as PCBs as well as other organic contaminants at efficiencies in 

excess of 99.99 percent.  Incineration should be capable of achieving the remediation goals for 

organics.  Incineration does not destroy metals or other inorganics.  Metals in the waste matrix 

will form metal oxides that enter the gas stream or will be concentrated in the treated soil.  

Treated soil may require additional treatment to remove or immobilize metals prior to disposal.  

Conventional air pollution control equipment such as scrubbers and baghouse dust filters would 

be required to remove acid gas and particulates.  Air emissions from the incinerator would be 

monitored closely to ensure that human health and the environment are not adversely affected. 

 

•  Implementability: Incineration, whether conducted on or off base, is implementable.  The 

equipment and resources necessary to incinerate soil are available, and several vendors are 

capable of performing this work.  The large volume of contaminated soil at the site may pose 

logistical problems for incineration; several facilities would likely be needed to treat the large 

volume.  Off-base TSDFs are available that could treat the OFFTA soil.  If incineration is 

conducted off base, transportation requirements would be applicable and the off-base facility 

would have to meet RCRA permit requirements. 

•  Cost: The relative capital and O&M costs are high for incineration. 

 

Incineration is an effective option for destroying the organics present in the contaminated soil; however, 

inorganics would be left untreated.  Incineration would require substantial logistics and restrictions due to 

the large volumes to be treated.  Due to the lack of treatment of inorganic contaminants and its high cost, 

incineration is eliminated from further consideration. 
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Low-Temperature Thermal Stripping (LTTS) 

 

LTTS is a treatment process that uses heat and physical agitation to volatilize organic contaminants from 

soil; the resulting vapor stream is subsequently treated to collect or destroy the contaminants.  A typical 

LTTS system consists of a rotary drum thermal processor equipped with heat transfer surfaces, and a 

vapor treatment system.  Direct-fired and indirectly heated systems (generally heated by circulating hot 

oil) are available.  Temperatures used in the thermal processor are contaminant- and matrix-specific, with 

a range of approximately 150 to 800ºF.  Most units incorporate mechanical agitation during treatment to 

facilitate complete desorption of organics.  An induced air flow conveys the volatilized organics through a 

gas treatment system, such as a carbon adsorption unit, a thermal oxidizer, or a condenser unit.  The air 

stream is then discharged through a stack.  LTTS is a well-demonstrated technology for industrial sludge 

and product drying applications, but its use for remediation of soil is less demonstrated.  The process is 

most effective on VOCs, but units operating at higher temperatures are also capable of treating SVOCs 

and PCBs.   

 

Assessment of this option is as follows: 

 

•  Effectiveness: LTTS should be capable of accommodating the volumes of contaminated soil at 

the site.  LTTS at a relatively high temperature would be expected to achieve the remediation 

goals for the SVOCs in the soil.  Metals would not be addressed by this technology.  The 

effectiveness of LTTS is dependent primarily on the boiling point of the contaminant.  For VOCs 

with relatively low boiling points, nearly complete removal from the soil would be expected at 

relatively low operating temperatures.  Many of the organics present in the contaminated soil, 

such as PAHs, have much higher boiling points.  The upper temperature range for LTTS 

approaches the lower temperature range for incineration, and some LTTS systems are permitted 

as incinerators. 

 

•  Implementability: LTTS is implementable.  The equipment and resources necessary to treat the 

soil are available, with several vendors capable of performing this work.  Rhode Island Air Quality 

Standards would have to be met.  Few, if any, off-base LTTS facilities would be able to accept the 

soil; therefore, consideration of LTTS is effectively limited to on-site treatment.  LTTS, if selected, 

would likely be included as part of a treatment train of multiple process options due to its 

ineffectiveness for inorganic contaminants. 

 

•  Cost: The relative capital and O&M costs for LTTS are moderate. 
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LTTS is an effective and implementable technology to remove organics from contaminated soil.  LTTS will 

be retained for further consideration for treating contaminated soil. 

 

Vitrification 

 

Vitrification is a thermal destruction process that immobilizes soil contaminants by converting the 

contaminated soil to a chemically inert, stable, glass product.  In situ vitrification is conducted by applying 

energy through electrodes inserted around the area to be melted.  Wastes are heated to temperatures of 

1,350 to 3,000ºF, forming a molten glass and thereby destroying organics and immobilizing metals.  

Organics in the waste matrix are volatilized, and the resulting gases are oxidized.  Metals are retained in 

the glass which, when cooled, is a stable, non-leachable, vitreous solid.  In situ vitrification reduces the 

volume of the soil column, so clean backfill is placed on top of the solidified mass. 

 

Assessment of this option is as follows: 

 

•  Effectiveness: Vitrification is an effective technology to destroy organics and immobilize metals.  

The vitrification process should be capable of achieving the remediation goals for organics and 

metals.  Using this process, inorganic contaminants would be immobilized while organic 

contaminants would be destroyed to below clean-up levels.  Human health and environmental 

concerns are similar to those for incineration.  Air pollution control equipment would be necessary 

to remove particulates and acid gases.  Vitrification should be reliable with respect to the site 

contaminants and conditions.  Short-term concerns associated with vitrification are the potential 

risks resulting from volatilization; however, the site soil contains few VOCs. 

 

•  Implementability: Vitrification is implementable for site soil, and the equipment and resources 

necessary to vitrify the soil are commercially available from a few vendors.  However, the 

vitrification process is extremely energy intensive and requires sophisticated machinery and 

highly trained personnel for operation.  Also, it is more difficult to implement and more energy 

intensive when the water table is high.  Application of this technology has been primarily limited to 

treating radioactive or highly toxic wastes. 

 

•  Cost: The relative capital costs are high.  Operation costs are also high because of intensive 

energy usage, although maintenance costs are low. 

 

Vitrification is eliminated from further consideration due to its high costs. 
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Soil Flushing 

 

Soil flushing is a process that uses a closed loop recirculation system of injection and extraction wells to 

remove contaminants from the saturated and unsaturated soil.  Under soil flushing, water, with or without 

other additives, is sprayed onto or injected into the soil.  Additives are used to increase the mobility of the 

contaminants.  To remove organics, surfactants or alkalis are commonly used.  Acids, alkalis, oxidizers, 

reducing agents, and/or complexing agents are commonly used to remove inorganics.  Collection of the 

flushing agent solvent is an important step.  At the collection point, treatment systems such as air 

stripping or carbon adsorption are then utilized to separate the contaminants from the extracted water.  

The treated water is recirculated through the system by reinjection into the contaminated soil. 

 

Assessment of this option is as follows: 

 

•  Effectiveness: Soil flushing may be effective in treating some of the organic and inorganic 

contaminants at the site; however, several factors can limit its effectiveness.  Of primary concern 

is the difficulty of treating organics and inorganics simultaneously and the ability to capture 

mobilized contaminants.  Some other effectiveness concerns are the ability to contact all the soil, 

the ability to separate the contaminants from the flushing agent, and the ability to monitor 

compliance.  The heterogeneity and stratification of the soil make contact with soil and capture of 

mobilized contaminants uncertain.  Additionally, the burdened flushing fluids would likely contain 

significant concentrations of contaminants in highly mobile forms; a significant threat to human 

health and the environment might result if the contaminated fluids are not completely captured. 

 

•  Implementability: Soil flushing would be difficult to implement at the site.  A primary concern is the 

difficulty of ensuring complete capture of mobilized contaminants and restrictions on underground 

injection of wastes mandated by state and federal regulations.  If treatment of extracted 

groundwater/flushing fluids is conducted at the site, space is necessary to build or stage 

treatment equipment.  TSDF requirements must be met, and facility monitoring would be 

required.  If soil flushing is chosen, then consideration of capturing the groundwater and 

recovering the flushed contaminants is critical.  Off-base TSDFs may be necessary if residuals 

such as spent carbon or biomass are generated during treatment of the captured water.  The 

equipment and resources necessary to implement soil flushing are available, and a few vendors 

are capable of performing this work. 

 

•  Cost: The capital and O&M costs of soil flushing are highly dependent on the cost of treating the 

extracted water.  Because of the complex mixture of contaminants in the soil, the cost of 

implementing soil flushing at the site is likely to be moderate. 
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Due to several effectiveness and implementability concerns, including a potential risk to human health 

and the environment, soil flushing will be eliminated from further consideration as a process option. 

 

Soil Washing 

 

Soil washing is an ex situ treatment process that removes contaminants from soil by either dissolving or 

suspending them in the wash solution (which is later treated by conventional water treatment methods) or 

by concentrating them into a smaller volume of soil through standard particle size separation techniques. 

The concept of reducing soil contamination by particle size separation is based on the finding that most 

organic and inorganic contaminants in soil tend to bind to fine-sized clay and silt particles through surface 

adsorption.  Soil washing relies heavily on this principle of separating highly contaminated fine materials 

from washed coarse materials to decrease the volume of particles that require treatment. 

 

Soil washing is generally a water-based process; however, chemicals such as surfactants are sometimes 

added to the wash fluid to enhance removal of specific contaminants.  Organic or inorganic compounds 

can be removed using this process.  In the washing process, soil is screened and then scrubbed to break 

up soil aggregates and liberate fines.  The surfaces of the coarse particles are "washed" by abrasive 

action and by desorption of contaminants upon contact with the washing solution.  The contaminated fine 

particles typically require further treatment.  Applicable processes to treat fine particles may include 

chemical extraction, biodegradation, immobilization, or destruction processes. 

 

Assessment of this option is as follows: 

 

•  Effectiveness: Depending on the proportion of coarse and fine materials in the contaminated soil, 

soil washing can be effective in reducing the volume of material that requires intensive treatment. 

Soil washing would be effective for removal of both organic and inorganic contaminants from 

coarse material within the area, minimizing the volume of materials requiring intensive treatment. 

Contaminants would be concentrated in the relatively smaller fine soil fraction or the wash 

solution; contaminant extraction from the fine fraction by the soil washing process would likely be 

incomplete.  The fine fraction and wash solution would likely require additional treatment. 

Effective removal of the contaminants in the site soil may require multiple cycles of treatment. 

 

•  Implementability: Soil washing is a proven and reliable technology to remove organic and 

inorganic contaminants from soil with a relatively small fines fraction.  The equipment and 

resources necessary to treat the soil are available, and several vendors are capable of 

performing this work.  If treatment is conducted at the site, space is necessary to build or stage 
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treatment equipment; constraints such as meeting TSDF requirements and facility monitoring are 

also concerns.  Few, if any, off-site TSDFs would be able to accept and treat the large volume of 

contaminated soil from the site.  This shortage effectively limits consideration of soil washing 

technologies to on-base processes. 

 

•  Cost: The relative capital and O&M costs are moderate to high. 

 

Soil washing is an effective and implementable technology to remove organics and inorganics from 

contaminated soil.  Soil washing will be retained for further consideration for treating site soil. 

 

Solvent Extraction 

 

Solvent extraction is an ex situ treatment technology that employs a solvent to extract contaminants from 

soil, sediment, sludge, or wastewater.  Extraction of organics is accomplished by various mechanisms 

including dissolution, formation of an emulsion or soluble chelation product, and chemical reaction.  For 

metal extraction, acidification and chelation are the predominant mechanisms.  The selection of the 

appropriate solvent depends on the chemical and physical properties of the contaminants present. 

Aqueous solutions including surfactants can be used to enhance removal or emulsification of a wide 

range of hydrophobic organic compounds.  Dilute solutions of acids and bases can remove a wide range 

of metal ions. 

 

Typical solvent extraction units include countercurrent extraction equipment, a pug mill, or a truck-loaded 

cement mixer.  After contact and mixing, the solvent laden with contaminants is removed from the soil by 

methods such as centrifugation or filtration.  The extraction process results in a cleaned soil and a liquid 

waste stream that concentrates the extracted contaminants within the recovered solvent. 

 

Contaminants within the waste stream are not destroyed, and the waste stream requires additional 

treatment or disposal.  In many cases, contaminants retained in the solvent can be separated out, and the 

solvent can be re-used in the extraction process.  Depending on the solvents used and the contaminants 

to be removed, the soil may require supplemental treatment by soil washing or by extraction using 

additional solvents to target different contaminants. 

 

Assessment of this option is as follows: 

 

•  Effectiveness: Solvent extraction is an effective technology to remove a wide range of inorganic 

and organic contaminants from medium to coarse soil.  Commercial processes using secondary 

and tertiary amines have effectively removed PCBs, VOCs, and SVOCs from contaminated soil. 
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Acid and alkaline solutions have been used to remove a wide range of metals.  The process may 

have limited effectiveness for the site soil due to the difficulty in formulating a suitable extraction 

fluid to treat a complex mixture of contaminants.  Additionally, the variations in contaminant 

concentrations and contaminant distribution in the soil may require frequent adjustment or 

reformulation of the extraction fluid.  The removal of metals and organics would likely have to be 

conducted in stages, using different solvents.  A treatability study would likely be required to 

select the appropriate extraction solutions and determine operating parameters to ascertain 

whether effective treatment is possible. 

 

•  Implementability: Solvent extraction is a widely demonstrated and reliable technology for the 

treatment of simple waste streams.  Several commercial vendors are available that provide 

solvents to treat a variety of organic and inorganic contaminants.  If treatment is conducted on 

base, space is necessary to build or stage treatment equipment.  Few, if any, off-base TSDFs 

using solvent extraction would be able to accept and treat the large volume of contaminated soil 

from the site.  This shortage effectively limits consideration of extraction technologies to an on-

base system. 

 

•  Cost: The relative capital and O&M costs of solvent extraction are moderate. 

 

Solvent extraction is an effective and implementable technology to remove organics and inorganics from 

contaminated soil.  Solvent extraction will be retained for further consideration. 

 

Aerobic Biodegradation 

 

Ex situ aerobic biodegradation is a destruction process that uses microorganisms to chemically break 

down and detoxify organic compounds in the presence of oxygen.  The organic compounds are used as 

energy sources and are metabolized by microorganisms such as bacteria, actinomycetes, and fungi. 

Biodegradation process residuals are carbon dioxide, water, and biomass.  The biomass, which consists 

mainly of cell protein but also contains partially degraded constituents and intermediate biodegradation 

products, must be tested and may require additional treatment prior to disposal. 

 

Several types of aerobic biodegradation have been used to treat contaminated soil.  The primary ex situ 

methods are (1) slurrying the waste and treating it in a bioreactor and (2) using standard irrigation and soil 

mixing techniques to treat the soil directly on land (landfarming) or in an above-ground cell (composting). 

Landfarming is generally less effective than other ex situ techniques because operating parameters are 

difficult to control. 
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Assessment of this option is as follows: 

 

•  Effectiveness: The effectiveness of biodegradation is highly dependent on the nature and 

concentration of the contaminants.  In general, aerobic biodegradation of organics is applicable to 

petroleum hydrocarbons, halogenated and non-halogenated aromatics, phenols, biphenyls, and 

pesticides (EPA, 1985).  It may be less effective for PAHs and residual, weathered petroleum in 

the site soil.  Metals are not destroyed in the process, and high metals concentrations may be 

toxic to the microorganisms.  Aerobic biodegradation may be effective for treating some of the 

organics in site soil, although it may be difficult to reach PRGs, and the metals present in the soil 

would not be treated. 

 

•  Implementability: The equipment and resources necessary to conduct ex situ biodegradation are 

readily available, and several vendors are capable of performing this work.  Aerobic 

biodegradation is an implementable technology for the site soil.  However, due to the 

concentrations of difficult-to-degrade contaminants, the throughput capacity of the units is 

expected to be relatively low for treating the soil.  If treatment is conducted on base, space is 

necessary to build or stage treatment equipment; constraints such as meeting TSDF 

requirements and facility monitoring are also concerns.  If the treatment is conducted off base, 

few, if any, facilities would be able to treat this waste.  Lack of off-base treatment capacity 

effectively limits consideration of bioremediation to an on-base process. 

 

•  Cost: The relative capital and O&M costs are low for in situ and ex situ aerobic biodegradation. 

 

Because of concerns about the effectiveness of this process for site organic contaminants, its inability to 

treat metals, and the anticipated low throughput capacity for treating the soil, aerobic bioremediation is 

eliminated from further consideration. 

 

3.2.3 Representative Process Options for Soil 

 

EPA guidance for conducting FSs (EPA, 1988) recommends that one representative process option 

(RPO) be selected for each technology type to simplify the subsequent development and evaluation of 

alternatives without limiting flexibility during remedial design.  RPOs are selected from the treatment 

techniques remaining after screening based on effectiveness, implementability, and cost.  The RPOs 

selected provide a basis for developing performance specifications during preliminary design.  Although 

specific process options are selected for alternative development and evaluation, these process options 

are intended to represent the broader range of process options within a general technology type.  The 
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specific process for implementation of the remedial action may not be selected until the remedial design 

phase. 

 

Table 3-2 identifies the soil RPO(s) chosen for each technology type.  The RAOs specify that the goal of 

remediation is to restore the site for residential use without any restrictions.  In order to meet this 

requirement, technologies involving containment and/or in situ technologies that require long-term 

monitoring are not considered, and, therefore, the selected RPOs primarily reflect removal, treatment, 

and disposal options.  No action, low-temperature thermal stripping, soil washing, clean backfilling, and 

removal to a TSDF have been selected as the RPOs.  Excavation is considered as part of the removal 

and treatment/disposal options. 

 

The no action option consists of undertaking no remedial action at a particular site.  Inclusion of the no 

action alternative is required under CERCLA guidance, and this alternative is used as a baseline 

consideration in the detailed evaluation or to address sites that do not require any active remediation.  No 

technologies or process options are associated with this RPO. 

 

LTTS was chosen over other treatment processes because of its effectiveness in removing organics at a 

lower cost.  It also has fewer implementation requirements than do the other processes.  LTTS uses 

direct or indirect heating to thermally desorb or volatilize organic contaminants present in soil.  LTTS is a 

proven method that provides immediate results, and the experience resulting from its use at other sites 

has been positive. 

 

Soil washing was selected as an RPO for ex situ physical/chemical treatment based on its cost 

effectiveness at removing metals from soil.  It also has the ability to treat both organics and inorganics. 

Solvent extraction is a similar technology, but soil washing is a potentially more versatile technology and 

is therefore retained as the RPO. 

 

Clean backfilling was chosen as an RPO because it is an effective, low-cost method of disposing of clean, 

treated soil and the easiest method to fill excavated sites.  The source of the backfill material would be 

treated soil (with chemical concentrations below PRGs) or clean soil from off site.  Backfilling would be 

implemented in conjunction with removal or an ex situ treatment process.  If treated soil is used as 

backfill, verification would be required to confirm that the backfill soil is not contaminated.  The backfilled 

areas would be contoured to the desired grades. 

 

Disposal at a TSDF was also retained as an RPO for the disposal GRA for use either in conjunction with 

a remediation process that produces residuals that must be disposed of off base or for disposal of 
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contaminated soil.  Use of a TSDF would be a very effective, long-term solution to contaminated soil 

disposal. 

 

3.3 PRELIMINARY SCREENING OF TECHNOLOGIES AND  
 PROCESS OPTIONS FOR GROUNDWATER 
 

3.3.1  Preliminary Screening 

 

As with the soil technologies, a variety of technologies and process options exist for groundwater for each 

GRA described in Section 3.1.  A range of these technology types and process options was identified and 

screened to focus on relevant technologies and process options.  Summaries of the identification and 

preliminary screening of technologies and process options appropriate for groundwater are provided in 

Table 3-3.  Many options are eliminated based on technology screening.  All options not eliminated due to 

overall applicability concerns (technical implementability) are retained for a more detailed evaluation in 

Section 3.3.2. 

 

3.3.2  Evaluation of Technologies and Process Options 

 

In this step, process options considered implementable following preliminary screening are evaluated in 

greater detail prior to selecting representative process options to use in developing remedial alternatives.  

One representative process option is selected, if possible, from each technology category to simplify 

subsequent development and evaluation of alternatives without limiting flexibility during remedy selection 

or remedial design.  The evaluation criteria include effectiveness, implementability, and cost, with a focus 

on effectiveness.  Brief descriptions of the criteria are provided in Section 3.2.2. 

 

A discussion of the screening and detailed evaluation of technology types and process options using 

these criteria is provided in the following sections. 

 

3.3.2.1  No Action 

 

The no action scenario is considered to provide a baseline level to which other remedial technologies and 

alternatives can be compared.  Under this scenario, no removal or treatment of the contaminated 

groundwater would occur. 

 

Assessment of this option is as follows: 

 

•  Effectiveness: The option would not be effective in achieving the RAOs for contaminated 

groundwater.  Contaminants would remain and could continue to pose a risk to the environment 
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and/or human health.  Impacted groundwater could migrate off site and discharge into 

Narragansett Bay. 

 

•  Implementability:  No implementability considerations are associated with the no action scenario. 

 

•  Cost:  Because no actions would be taken other than 5-year reviews of site status, capital and 

O&M costs would be negligible. 

 

The no action scenario is retained as a baseline, as required by the NCP. 

 

3.3.2.2  Limited Action 

 

The components of limited action that are evaluated in this screening are institutional controls and 

groundwater monitoring. 

 

Institutional Controls 

 

Deed restrictions are institutional controls that restrict future use of land in the event that a property is 

sold or transferred.  These restrictions may limit future activities such as placement of new wells or 

construction. 

 

Assessment of this option is as follows: 

 

•  Effectiveness:  Institutional controls could be applied to the OFFTA site to restrict future use of 

the groundwater beneath the site, thereby reducing the potential risk to human health associated 

with drinking the contaminated groundwater. Institutional controls would not address the 

restoration and migration components of the remedial objectives.  No additional risks to human 

health and the environment would directly result from the imposition of institutional controls. 

 

•  Implementability:  Institutional controls could be implemented by the property owners.  If property 

owners are not willing to place the desired restrictions on the property deeds, legal action by state 

or local authorities would be necessary to implement the institutional controls. 

 

•  Cost:  Because only administrative actions would be taken, capital costs would be very low and 

no O&M costs would be incurred. 
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Retained for further consideration to ensure restricted exposure to contaminated groundwater during the 

remediation period. 

 

Groundwater Monitoring 

 

Sampling and analysis of groundwater throughout the area of potential groundwater contamination could 

be used to evaluate flushing and /or migration of contaminants.  Monitoring can also be used to assess 

the progress of groundwater remediation. 

 

Assessment of this option is as follows: 

 

•  Effectiveness:  Groundwater monitoring by itself would not reduce the toxicity, mobility, or volume 

of contaminants in the groundwater.  Periodic groundwater monitoring and evaluation of 

contaminant migration data would allow the responsible agency to anticipate and take action to 

prevent potential adverse impacts, such as contaminant transport off site.  Monitoring would also 

be helpful in measuring and evaluating the effectiveness of groundwater remediation and source 

control measures. 

 

•  Implementability:  A groundwater monitoring program could be readily implemented at the OFFTA 

site.  Access may be required for the installation of new monitoring wells on town, state, or private 

properties. 

 

•  Cost:  The capital and O&M costs for periodic groundwater monitoring would be relatively low. 

 

Retained for further consideration.  Groundwater monitoring would be an effective and implementable 

method of observing contaminant migration/flushing and the progress of groundwater remediation.  

 

3.3.2.3  Containment 

 

Hydraulic Containment 

 

The hydraulic containment option would use a pumping well system, composed of a series of wells 

installed in the overburden and bedrock aquifers, to capture contaminated groundwater for treatment. A 

hydraulic containment system is identical to an extraction well system; containment and extraction are 

achieved.  The wells used in a groundwater extraction system would be designed and situated to provide 

optimum efficiency in capturing contaminated groundwater if possible.  
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Assessment of this option is as follows: 

 

•  Effectiveness:  The effectiveness of a hydraulic containment system depends largely on the 

geology and hydrogeology of the aquifers.  Aquifer pumping tests would be required for more 

complete assessment of the local hydrogeology and design of an effective containment system.  

A properly designed system would effectively control the migration of contaminants in and 

remove the contaminated groundwater for subsequent treatment and disposal.   However, at this 

site, these wells would be subject to drawing saline water in from the ocean, due to its proximity 

resulting in more water handling than is practical.  Well technology is generally reliable and 

minimal effects on human health and the environment would be expected during implementation. 

 

•  Implementability:  Groundwater hydraulic containment using a pumping well system can be 

readily implemented at the OFFTA site, as has been demonstrated through pumping tests 

conducted as part of the pre-design effort under the NTCRA.  The technology uses readily 

available equipment and standard techniques and has proven to be effective in similar situations.  

Implementation of this technology would require long-term operation and maintenance of wells 

and pumps.  Required maintenance may include periodic replacement of mechanical components 

and well flushing to remove fine-grained material that may clog the wells.  Local and/or state 

permits would be required to install any off-site extraction wells.  Access permits and/or property 

easements may be required to install extraction wells on other private properties. 

 

•  Cost:  The capital costs for groundwater extraction wells are low.  The O&M costs are low to 

moderate. 

 

A hydraulic containment system should be effective and implementable and is retained for further 

consideration as a representative method for groundwater containment. 

 

3.3.2.4  Removal 

 

Two collection methods are considered: extraction wells and collection trenches. 

 

Extraction Wells 

 

The extraction well option would use a pumping well system, composed of a series of wells installed in 

the overburden and bedrock aquifers, to capture contaminated groundwater for treatment.  The wells 

used in a groundwater extraction system would be designed and situated to provide optimum efficiency in 

capturing contaminated groundwater while minimizing the collection of uncontaminated groundwater. 



 

W5201240F 3-33 CTO 833 

Assessment of this option is as follows: 

 

•  Effectiveness:  The effectiveness of an extraction well system depends largely on the geology 

and hydrogeology of the aquifers.  Pumping tests would be required for more complete 

assessment of study area hydrogeology and design of an effective extraction system.  A properly 

designed system of extraction wells would effectively remove the contaminated groundwater for 

subsequent treatment and disposal, although seawater would be drawn in due to the proximity to 

the ocean.  Extraction well technology is reliable and minimal effects on human health and the 

environment would be expected during implementation. 

 

•  Implementability:  Groundwater extraction using a pumping well system can be readily 

implemented at the OFFTA site.  The technology uses widely available equipment and standard 

techniques and has proven to be effective in similar situations.  Implementation of this technology 

would require long-term operation and maintenance of wells and pumps.  Required maintenance 

may include periodic replacement of mechanical components and well flushing to remove fine-

grained material that may clog the wells.  Local and/or state permits would be required to install 

any off-site extraction wells. 

 

•  Cost:  The capital costs for groundwater extraction wells are low.  The O&M costs are low to 

moderate. 

 

An extraction well system should be effective and implementable and is retained for further consideration 

as a representative method for groundwater extraction. 

 

Collection Trench 

 

A collection trench is a groundwater extraction system that essentially functions like an infinite line of 

extraction wells.  A typical system consists of an excavated trench filled with coarse material such as 

gravel, with a perforated drain pipe placed in the bottom.  The highly permeable trench acts as a 

preferential pathway for groundwater, creating a continuous cone of depression or zone of influence in 

which groundwater flows toward the drain.  Water in the drain is conveyed to a collection sump or storage 

tank by gravity flow or pumping.  In strata with low or variable hydraulic conductivity, conditions that 

complicate the design and operation of an effective extraction well system, collection trenches can be a 

more cost-effective method of ensuring complete containment. 
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Assessment of this option is as follows: 

 

•  Effectiveness:  Collection trenches are an effective means of creating a continuous hydraulic 

boundary and collecting groundwater for subsequent treatment.  Gravity flow trenches are 

capable of passively intercepting a contaminant plume as it migrates downgradient from its 

source.  Because they have little cross-gradient or downgradient influence, proper placement of 

gravity trenches is critical to ensure complete capture and containment of the plume.  Pump-

operated collection trenches are capable of both intercepting and actively collecting contaminants 

from a larger zone of influence (upgradient and downgradient).  Collection trench technology is 

reliable and minimal effects on human health and the environment would be expected during 

implementation. 

 

•  Implementability:  Collection trenches are implementable in the shallow overburden, but would be 

more difficult to implement in deep overburden.  Collection trenches are constructed using 

standard excavation methods; necessary equipment and resources are readily available.  Trench 

excavation is possible to almost any depth, in most subsurface conditions. 

 

•  Cost:  The capital cost of a collection trench in the shallow overburden would be moderate.  O&M 

costs would be low for gravity trenches and low to moderate for pump-operated trenches.   

 

Under most hydraulic conditions, collection trenches and extraction wells are similarly effective, however, 

collection trenches are more difficult to implement and more costly to construct.  Installation of a trench in 

bedrock will be difficult.  This option is eliminated because of higher costs and would be more difficult to 

implement than the extraction wells. 

 

3.3.2.5  Treatment 

 

Physical Treatment 

 

This section presents the evaluation of treatment technologies that remove the contaminants from 

groundwater and technologies that may be required for water conditioning before or after primary 

treatment.  The following technologies and process options are evaluated: 

 

•  Equalization 

•  Dewatering 

•  Sedimentation 

•  Filtration 
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•  Air Stripping  

•  Carbon Adsorption 

 

Equalization 

 

Equalization, in the form of a holding tank at the treatment plant inlet, allows for dampening of flow 

fluctuations and reduction of variations in chemical composition of the influent.  This process option 

promotes a constant discharge rate and minimizes fluctuations in water quality to prevent flow surges or 

upset conditions that could affect downstream processes.  It does not directly remediate contaminants. 

 

Assessment of this option is as follows: 

 

•  Effectiveness:  Although equalization does not directly remediate contaminants, it is a necessary 

part of any treatment scheme at the site.  Because the groundwater extraction system will consist 

of numerous wells, each extracting water of a different chemical composition, flow and chemical 

equalization will be required for proper operation of downstream equipment.  Equalization will be 

able to dampen flow and contaminant surges.  Equalization would not be necessary if treatment 

was conducted at only one point source location, for example, an individual treatment system at a 

potable well. 

 

•  Implementability:  Equalization is readily implementable.  The equipment necessary is standard to 

many water treatment systems and is available from several vendors.  

 

•  Cost:  Equalization capital costs and O&M costs are low. 

 

Equalization is effective and implementable and will be retained for use in each treatment alternative. 

 

Dewatering 

 

Dewatering is the mechanical removal of free water from wastes and can be used to treat residues 

generated by various groundwater treatment technologies.  Dewatering produces a relatively dry, 

concentrated sludge cake.  Typical equipment includes a belt filter press, plate and frame press, and 

vacuum filter. 

 

Assessment of this option is as follows: 
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•  Effectiveness:  Dewatering of groundwater treatment residuals (sludge) will likely be required to 

improve sludge handling characteristics and lower disposal costs.  Of the available options (plate 

and frame filter press, belt filter press, and vacuum filter), the plate and frame filter press 

produces the driest sludge cake.  This may be the most advantageous option to minimize sludge 

volumes. 

 

•  Implementability:  Dewatering is readily implementable.  Equipment and resources are readily 

available. 

 

•  Cost:  Capital and O&M costs for dewatering are moderate. 

 

Dewatering is an effective and implementable technology for processing treatment residuals and will be 

retained.  The plate and frame filter press will be used as the representative option. 

 

Sedimentation 

 

Sedimentation is a process that removes suspended solids from a liquid by producing quiescent hydraulic 

conditions.  This allows the forces of gravity to settle out large, unstable solids from suspension.  This 

technology may be used in conjunction with precipitation and flocculation processes to remove metals 

from the groundwater.  Two slightly different sedimentation processes are generally used in series: 

clarification (to produce a 2 to 8 percent solids sludge) and thickening (to further concentrate clarification 

sludges to 8 to 15 percent solids). 

 

Assessment of this option is as follows: 

 

•  Effectiveness:  Sedimentation is an effective process for removing settleable solids such as those 

formed by precipitation and flocculation processes.  Because dissolved and unsettleable solids 

would not be removed by sedimentation, by itself it will not reduce metals concentrations to the 

required action levels.  However, if a precipitation/flocculation process is used to remove metals 

from solution, sedimentation can be used to enhance removal of the precipitated/flocculated 

solids.   

 

•  Implementability:  Sedimentation is readily implementable as part of a treatment scheme.  The 

equipment and resources are readily available from several vendors.  

 

•  Cost:  Capital and O&M costs for sedimentation are low. 
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Sedimentation is an effective and implementable process for removal of settleable solids from aqueous 

waste streams.  Sedimentation is retained for use in conjunction with precipitation/flocculation. 

 

Filtration 

 

Filtration is a process that uses a porous medium to remove suspended solids from a liquid.  It is valuable 

in wastewater treatment to remove suspended solids prior to primary treatment processes or for the final 

cleaning or polishing of treated effluent.  It is effective in removing organic and inorganic contaminants 

(particularly metals) that are bound to suspended solids in groundwater, often reducing the need for 

further treatment of these contaminants. 

 

Liquid filtration may be accomplished by numerous methods including screens, fibrous fabrics (paper or 

cloth), or beds of granular material.  Flow through a filter can be encouraged by pressure on the inlet side 

or by drawing a vacuum on the filter outlet. 

 

Assessment of this option is as follows: 

 

•  Effectiveness:  This technology is widely used to remove particulate metals and organic 

compounds that are bound to suspended solids from aqueous waste streams.  Filtering systems 

can be staged to progressively remove smaller materials; many system variations have been 

designed to reduce clogging and provide easy maintenance.  Conventional filtration is not 

effective in removing dissolved contaminants. 

 

•  Implementability:  Filtration is a readily implementable technology.  Filtration systems are 

commercially available from a wide variety of manufacturers and can be readily ordered to almost 

any specification.  Filter media will occasionally have to be replaced or regenerated, potentially 

resulting in the generation of sludges requiring specialized disposal because of contaminant 

content. 

 

•  Cost:  Capital costs for filtration are low, as are O&M costs.  O&M costs may elevate slightly if 

high turbidity in the pumped groundwater requires additional filter maintenance.  

 

Filtration is an effective and implementable technology to remove suspended solids from an aqueous 

waste stream.  Filtration will be retained as a process option for particulate metals removal, if deemed 

necessary.   
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Air Stripping 

 

Air stripping is a phase separation process that utilizes countercurrent air flow to encourage the transfer 

of VOCs from the aqueous phase to the vapor phase.  The countercurrent packed tower is the most 

commonly used air stripping configuration.  Water is distributed over the top of the unit while air is forced 

upward through the bottom.  Loosely fitted packing material serves to increase the air/water interface 

area to provide maximum mass transfer.  Another increasingly common configuration is the low profile air 

stripper, which consists of one or a series of aeration trays in place of a tower.  The contaminated water is 

sprayed into the inlet chamber and flows along the baffled aeration tray.  Air is blown up through 

hundreds of small holes in the tray, forming a froth of bubbles that provides a large mass transfer surface 

area where volatilization occurs.  Key factors that influence air stripping process performance include air 

to water ratio, type of packing material or tray configuration, operating temperature, surface hydraulic 

loading, and contact time.  In general, air stripping is effective for VOCs with a Henry's Law constant 

greater than or equal to 3.0 atm-L/mole. 

 

Assessment of this option is as follows: 

 

•  Effectiveness:  Air stripping is a well-proven and reliable technology that would be effective for 

removing the VOCs from groundwater.  Since the stripping process removes the contaminants 

from the water and concentrates them in the off-gas, the off-gas would have to be treated by 

other means such as granular activated carbon adsorption, condensation, catalytic oxidation, or 

thermal destruction.  The type of off-gas treatment depends on the specific contaminants and 

their concentrations. 

 

•  Implementability:  Air stripping would be readily implementable at the site.  The equipment and 

resources necessary to implement air stripping are readily available from commercial vendors.  A 

maintenance problem associated with air stripping towers is the channeling of flow resulting from 

clogging in the packing material.  Common causes of clogging include high oils, suspended 

solids, and iron concentrations, and slightly soluble salts such as calcium carbonate.  These 

problems can be mitigated with effective pre-treatment of the influent. The site’s remote location 

may render this process option difficult to maintain.  Specialized personnel, equipment, and 

supplies may be required to keep this system operating effectively. 

 

•  Cost:  The capital costs of air stripping are low and O&M costs range from low to moderate 

depending on influent contaminant concentrations, the degree of removal required, and the type 

of off-gas treatment required. 
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While air stripping is an effective and reliable technology for VOC removal from groundwater it is not 

retained for further consideration because high maintenance requirements may render this option difficult 

to implement. 

 

Carbon Adsorption 

 

Activated carbon adsorption is a frequently applied technology to remove organic compounds from 

contaminated water.  Activated carbon will adsorb most organic compounds to some extent but is most 

effective for less polar, less water soluble compounds.  Removal efficiency exceeding 99 percent is 

possible depending on the type of organic contaminants present and system operating parameters such 

as retention time and carbon replacement frequency.  The fundamental principle behind activated carbon 

treatment involves the physical attraction of organic solute molecules to exchange sites on the internal 

pore surface areas of the specially treated (activated) carbon grains.  As water is filtered through the 

adsorbent, the organic molecules eventually occupy all of the surface sites on the carbon grains.  The 

exhausted carbon must then be either regenerated or disposed of according to federal (RCRA) or state 

regulations.   

 

Typical activated carbon adsorption treatment systems include gravity flow or pressure flow columns in 

series configuration with backwashing capability.  Granular activated carbon (GAC) is generally used in 

these systems.  Common flow rates range from 0.5 to 5.0 gpm/ft2.  Factors such as pH and temperature 

of the influent, empty bed contact time (EBCT), and sorptive characteristics of the organic compound will 

affect the carbon adsorption process. 

 

Assessment of this option is as follows: 

 

•  Effectiveness:  Carbon adsorption is a well-proven, reliable technology to remove organics from 

aqueous waste streams.  With adequate contact time, carbon adsorption should be effective for 

removal of the organic compounds present in OFFTA groundwater. 

 

•  Implementability:  Carbon adsorption would be readily implementable at the OFFTA site.  A 

sufficient number of vendors provide carbon adsorption units.  Implementation factors also 

include planning for regeneration or disposal of the spent carbon.  Thermal, steam, and solvent 

treatments are the most common types of regeneration technologies.  Regeneration services, 

which are typically conducted off site, are generally provided by the carbon suppliers.  If 

regeneration is conducted on site, special handling and disposal of the backwash liquids must 

also be taken into account.  Spent carbon would likely require disposal in a RCRA hazardous 

waste facility.  Such facilities are available. 
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•  Cost:  Capital costs of carbon adsorption are low.  O&M costs range from low to high, depending 

on the carbon usage rate, which is a function of influent constituents and concentration.  

 

Based on its effectiveness in treating organics and the anticipation of a relatively moderate carbon usage 

rate, implementation of an activated carbon treatment system would be both technically and economically 

feasible.  This technology will be retained for further consideration as a primary treatment option. 

 

Chemical Treatment 

 

This section presents the evaluation of chemical treatment options that remove the contaminants from 

groundwater and processes that may be required for water conditioning before or after primary treatment.  

The following technologies and process options are evaluated: 

 

•  Ion Exchange 

•  Chemical Oxidation 

•  UV Oxidation 

•  Neutralization 

•  Precipitation/Flocculation 

•  Zero-Valent Iron 

•  Fenton’s Reagent 

 

Ion Exchange  

 

Ion exchange is a process in which toxic ions are removed from the aqueous phase through exchange 

with relatively harmless ions held by the ion exchange material.  Ion exchange resins are insoluble solids 

containing fixed cations or anions capable of reversible exchange with mobile ions of the same charge in 

solutions with which they are brought into contact.  The ion exchange resins will eventually be exhausted 

and must be regenerated.  The regeneration waste contains a high concentration of contaminants and 

must be further treated and/or disposed. 

 

Assessment of this option is as follows: 

 

•  Effectiveness:  Ion exchange is effective for removing soluble metals and anions such as halides, 

sulfates, and nitrates.  Because of resin capacity and regeneration restrictions, ion exchange is 

most applicable for treating dilute waste streams.  Influent suspended solids must be very low to 

minimize fouling or plugging of the resin bed.  Some organics, especially aromatics, can be 

irreversibly adsorbed by the resin, resulting in decreased capacity.  Ion exchange should 
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effectively remove dissolved metals (manganese, iron, etc.) from the groundwater.  However, 

suspended solids and organics present in the groundwater may cause fouling of the ion 

exchange resins, decreasing its ion exchange capacity.  Sophisticated controls are required to 

detect breakthrough of contaminants when the capacity of the resin is close to being exceeded.  

The regenerant stream produced would require additional treatment prior to disposal.   

 

•  Implementability:  Ion exchange would be implementable.  Many vendors provide ion exchange 

units. 

 

•  Cost:  Capital costs are moderate and O&M costs range from moderate to high, depending on the 

frequency of regeneration required, which is a function of influent contaminant concentrations. 

 

Ion exchange will be retained as a treatment process to remove dissolved metals from groundwater. 

 

Chemical Oxidation 

 

Chemical oxidation is a process by which the oxidation state of a compound is raised in order to change 

the chemical form of the compound to render it less toxic or change its solubility or stability.  The process 

is commonly used in water and wastewater treatment to destroy organic compounds, to remove reduced, 

soluble forms of iron and manganese from aqueous solutions, or to control odors.  Oxygen, hydrogen 

peroxide, chlorine, and potassium permanganate are the most commonly used oxidizing agents. 

 

Assessment of this option is as follows: 

 

•  Effectiveness:  Either chlorine, peroxide, or potassium permanganate can chemically oxidize 

organic compounds.  The compounds are also used to oxidize soluble iron and manganese.  The 

main advantage of permanganate is its high rate of reaction, which is many times faster than 

chlorine.  Also, the permanganate process is less sensitive to changes in pH than the chlorine 

process.  Potassium permanganate is a solid that can be more easily handled and stored than 

chlorine gas, hydrogen peroxide or oxygen.  Oxidation using only oxygen (aeration) is effective in 

removing iron, but is generally not effective for removing manganese. 

 

•  Implementability:  Chemical oxidation is a readily implementable, conventional water treatment 

process.  It is widely used and commercially available.  

 

•  Cost:  The capital and O&M costs for chemical oxidation are expected to be low. 
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Chemical oxidation is an effective and implementable treatment process to destroy organics and to 

remove iron and manganese from extracted groundwater.  It is retained for further consideration. 

 

Ultraviolet Oxidation 

 

Ultraviolet (UV) oxidation processes use a controlled combination of ozone and/or hydrogen peroxide and 

UV light to induce photochemical oxidation of organic compounds.  Hydrogen peroxide, ozone, and UV 

radiation have been used separately to disinfect sanitary wastewater.  The combination of UV radiation 

with ozone or hydrogen peroxide results in the formation of hydroxyl radicals, which are more powerful 

and less selective oxidants than ozone, hydrogen peroxide, or UV radiation alone. 

 

A typical continuous-flow ozone/hydrogen peroxide/UV system consists of an ozone generator and/or 

hydrogen peroxide feed system and a UV/oxidation reactor.  Flow patterns and reactor configurations are 

designed to maximize exposure of the wastewater to the UV radiation, which is supplied by an 

arrangement of UV lamps.  If ozone is utilized, reactor gases are passed through a catalytic ozone 

decomposer, which converts remaining ozone to oxygen and destroys any volatiles prior to release.  With 

UV/hydrogen peroxide systems, no toxic off-gases are produced. 

 

Assessment of this option is as follows: 

 

•  Effectiveness:  Enhanced oxidation technology has been demonstrated to effectively oxidize a 

wide variety of organic compounds.  The ease of treatment varies greatly depending on the 

particular contaminants.  Effective destruction of some compounds requires much longer 

retention time in the reactor than is required for oxidation of most other organic compounds. 

 

•  Implementability:  Enhanced oxidation technology should be implementable.  Currently, only a 

few vendors offer this technology.  Most of the commercially available systems utilize hydrogen 

peroxide with UV; few ozone systems are currently available.  This system would require storage 

and handling of hydrogen peroxide.  Most UV/oxidation systems require high maintenance 

because of manganese of iron fouling of the UV lamps.  This option may not be easily 

implementable because of the site’s remote location, difficulty in assuring availability of hydrogen 

peroxide, and potentially high maintenance requirements.  

 

•  Cost:  Capital and O&M costs are moderate to high.  Operating costs vary significantly depending 

on flow rate, and contaminant types and concentrations.  Enhanced oxidation requires high 

energy usage, which can result in prohibitive costs, particularly if contaminants are difficult to 

destroy.  
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The effectiveness of enhanced oxidation may be similar to that of activated carbon.  However, because it 

would be considerably more expensive than treatment by activated carbon and because of 

implementability issues (remoteness of site, high maintenance), enhanced oxidation is eliminated from 

further consideration. 

 

Neutralization 

 

Neutralization is a treatment process for altering the pH or acidity/alkalinity of a solution.  This is generally 

accomplished by adding acidic compounds to balance alkaline solutions or vice-versa.  The technology is 

particularly useful as a pretreatment step for pH adjustment before other treatment processes that require 

specific pH levels for optimum efficiency.  Neutralization is also frequently used as a finishing step prior to 

discharge to meet specified water quality criteria. 

 

Assessment of this option is as follows: 

 

•  Effectiveness:  Neutralization is an easily accomplished means of balancing or changing the pH 

of a solution.  The process is best performed in a well-mixed system.  A thorough analysis of the 

wastewater to be treated is advisable to avoid the creation of compounds more toxic than the 

original compounds and to ensure that incompatible compounds are not introduced into the 

system.   

 

•  Implementability:  Neutralization technology is easily implemented; it is widely used and 

commercially available.  

 

•  Cost:  The capital and O&M costs for neutralization are expected to be low. 

 

Neutralization will be retained as a process option for groundwater treatment where required by a given 

technology. 

 

Precipitation/Flocculation  

 

Precipitation and flocculation are closely related treatment processes that facilitate the removal of 

dissolved or particulate metals from aqueous waste streams.  Precipitation is a physicochemical process 

by which dissolved metals are transformed to insoluble salts through the addition of chemical reagents.  

Flocculation is a process in which chemical reagents, which act to neutralize surface charges on 

suspended solids, are added to the waste stream to promote the agglomeration of small, unsettleable, 
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suspended particles into larger, more settleable particles.  The processes are often used in combination 

to facilitate complete removal of dissolved and suspended metals from aqueous waste streams.  In a 

typical treatment system, precipitants and flocculants are added to the waste stream in a rapid mixing 

tank.  The water then flows to a flocculation chamber where mixing at lower velocities, for longer periods, 

facilitates the formation of large, readily settleable flocs. 

 

Common precipitation methods involve removing dissolved metals through formation of hydroxides by 

lime or caustic soda addition; formation of sulfides by sodium hydrosulfide, ferrous sulfide, or hydrogen 

sulfide addition; or formation of metal-iron compounds by adding ferric chloride or ferric sulfate.  Metal 

hydroxides have a tendency to redissolve outside an optimum pH range; however, they are much easier 

to handle, safer, and less expensive to generate than sulfides.  Sulfide precipitation; however, generally 

allows for significantly lower treated effluent concentrations.  Co-precipitation techniques are also capable 

of attaining low effluent concentrations.  Proprietary processes, such as SulfexR and UnipureR employ 

ferrous iron compounds that can simultaneously result in reduction and precipitation of the metals at 

neutral pH conditions. 

 

Many precipitants such as lime and alum act dually as flocculants, facilitating the precipitation of 

dissolved metals and the agglomeration of the suspended precipitates into large, settleable particles.  

However, other precipitants such as sulfide ions form very fine, relatively stable colloidal particles, which 

require the addition of flocculating agents to facilitate settling.  Commonly used flocculants include alum, 

lime, various iron salts, and organic polymers. 

 

Assessment of this option is as follows: 

 

•  Effectiveness:  Precipitation/flocculation is useful for removing dissolved metals from 

groundwater.  The dual process is effective for removing most metals.  Precipitation units are 

capable of handling the projected influent flow rates.  Sludge produced may require further 

treatment prior to disposal, based on results of waste characterization testing to determine 

whether the material is considered hazardous. 

 

•  Implementability:  This technology is widely used in groundwater treatment and is readily 

available commercially, although proprietary processes are only available through a few vendors.  

Key process parameters include reagent dosages, pH adjustment requirements, and sludge 

handling capabilities.  Precipitation/flocculation is a non-destructive treatment process that 

generates a sludge that requires special handling.  The sludge produced by this process must be 

properly disposed in a permitted facility.  As with filtration, excessive suspended solids in the raw 

water will increase the volume of sludge generated and may necessitate added maintenance. 
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•  Cost:  The capital costs are expected to be moderate, as are O&M costs due to chemical addition 

and sludge handling/disposal requirements. 

 

Precipitation/flocculation will be retained as a process option for removal of dissolved metals from site 

groundwater. 

 

Zero-Valent Iron 

 

Zero-valent iron (ZVI) has been found to be an effective reducing agent capable of degrading chlorinated 

solvents.  It is increasingly being used as a chemical enhancer for the purpose of destroying VOC in-situ, 

and has been considered for ex-situ use. 

 

Assessment of this option is as follows: 

 

•  Effectiveness:  Under ideal circumstances, the VOCs at the site would be completely degraded 

by ZVI, resulting in the formation of ethene and dissolved iron.  However, research has shown 

that incomplete degradation does occur, leaving behind daughter products that are as equally 

harmful as the parent compounds.  Furthermore, most of the research performed on ZVI has 

been based on its performance as part of a permeable reactive wall.  Use of ZVI in ex-situ 

treatment applications is possible and is gradually being offered by vendors.  Under ideal 

conditions, there would be few treatment residuals to dispose of.  Additional information and 

possibly a treatability study may be desirable to assess the potential effectiveness of this process 

for the site.  

 

•  Implementability:  Zero-valent iron technology should be implementable.  Currently, only a few 

vendors offer this technology.  Most ZVI applications involve treatment by a permeable reactive 

barrier.  Ex-situ ZVI treatment units are less common. 

 

•  Cost:  Capital costs of a ZVI treatment unit would be low.  O&M costs would be low to moderate, 

depending on the usage rate of the iron material. 

 

Zero-valent iron will be retained as a potential option for addressing VOCs. 
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Fenton’s Reagent 

 

Fenton’s reagent (iron-catalyzed hydrogen peroxide) can be used in the chemical oxidation process as an 

alternative to ultraviolet radiation.  The cost of using UV light energy to create the hydroxyl radicals 

necessary for effective oxidation can be substantial.  Using Fenton’s reagent to produce favorable 

oxidation conditions is less costly and may be nearly as effective. 

 

Similar to the UV oxidation process, Fenton’s reagent (Fe2+ or Fe3+) is applied along with hydrogen 

peroxide to form a hydroxyl radical, which is a non-selective, highly reactive oxidant.  Under ideal 

conditions, complete destruction of organic contaminants will occur. 

 

Assessment of this option is as follows: 

 

•  Effectiveness:  While the long-term effectiveness of Fenton’s reagent in an enhanced oxidation 

system is largely unknown, studies have been performed that have revealed some of the 

strengths and limitations of iron-catalyzed hydrogen peroxide.  The ideal conditions for the 

generation of hydroxyl radicals using Fenton’s reagent are at pH 3, although effective radical 

production may occur between pH values ranging from 3 to 5.  This could be a concern for the 

groundwater conditions at the site, since under higher pH conditions iron will decompose the 

hydrogen peroxide to oxygen and water, dramatically reducing the effectiveness of treatment.  

Frequent monitoring would be required to insure that oxidation conditions within the treatment unit 

remained favorable.  Another drawback of this process is the presumed temperature dependence 

of the rate of reaction with Fenton’s reagent.  Reaction rates increase with increasing 

temperature, but the effects are more pronounced at temperatures above 20 degrees centigrade. 

 

•  Implementability:  A treatment system using Fenton’s reagent for enhanced oxidation is 

implementable, but regular monitoring would be required to maintain favorable reaction 

conditions. 

 

•  Cost:  Capital costs for such a system would be low.  O&M costs would be moderate due to 

monitoring and maintenance needs. 

 

Due to the extensive monitoring necessary to maintain treatment effectiveness, Fenton’s reagent will be 

eliminated from consideration as a remediation option. 
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In-situ Treatment 

 

This section presents the evaluation of chemical treatment options that remove the contaminants from 

groundwater and processes that may be required for water conditioning before or after primary treatment.  

The following technologies and process options are evaluated: 

 

•  Oxygen Release Compound 

•  Hydrogen Release Compound 

 

Oxygen Release Compound (ORC) 

 

This method involves the injection of a chemical compound (i.e., magnesium peroxide) into the 

subsurface that, when hydrated, forms magnesium hydroxide and molecular oxygen.  This release of 

oxygen will subsequently enhance the natural biodegradation of organic contaminants. 

 

Assessment of this option is as follows: 

 

•  Effectiveness:  The long-term effectiveness of this method is largely unknown.  The ORC is 

believed to last approximately 6 months in field applications before it must be replenished, and 

past applications of this technology have used it to enhance bioremediation.  This process may 

potentially be viable for site groundwater contaminated by VOCs.  However, there is insufficient 

information to fully evaluate its effectiveness under site specific-conditions and bench-scale or 

pilot-scale treatability studies may be required to develop the necessary data to evaluate 

treatment effectiveness. 

 

•  Implementability:  Many oxygen-releasing compounds are commercially available and are used, 

and could be acquired for the groundwater remediation at the OFFTA site.  ORCs may be applied 

as an injectable slurry (through boreholes) or through groundwater wells.  Both methods can be 

implemented at this site. More information regarding the site hydrogeology for the southern VOCs 

plume will be required to assess whether ORCs can be introduced into the overburden and 

bedrock aquifers. 

 

•  Cost:  Capital costs for an ORC system would be low to moderate, depending upon the 

associated technology.  O&M costs would be low to moderate depending on the frequency of 

ORC replacement. 
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The oxygen release compound is a potentially viable in-situ treatment process that could be effective to 

enhance the natural biodegradation of the chlorinated compounds in groundwater.  However, there is 

insufficient information at this time to fully determine its effectiveness under site-specific conditions.  This 

process option will be tentatively retained for future consideration. 

 

Hydrogen Release Compound (HRC) 

 

The hydrogen release compound is a specially formulated chemical that is injected into the subsurface, 

and is designed to release lactic acid when hydrated.  Indigenous anaerobic microbes metabolize the 

lactic acid to produce hydrogen, which can be used by various reductive dehalogenators to dechlorinate 

chlorinated aliphatic hydrocarbons such as PCE and TCE.  Essentially, the HRC facilitates in situ 

anaerobic degradation of organic contaminants. 

 

Assessment of this option is as follows: 

 

•  Effectiveness:  Studies have shown that anaerobic conditions favor PCE and TCE 

degradation over other chlorinated hydrocarbons.  As a result, the use of HRC has been 

successful in degrading PCE and TCE, but less effective in treating the degradation products 

1,2-DCE and vinyl chloride.  Consequently, HRC is most effectively implemented in 

conjunction with an oxygen release compound to create aerobic conditions under which DCE 

and vinyl chloride are more effectively degraded.   

 

An HRC/ORC dual phase treatment system could be implemented in two ways: 

simultaneously or sequentially.  In the first option, HRC would be applied to the higher order  

chlorinated aliphatic hydrocarbon at the source while ORC is concurrently applied in a 

downgradient zone to treat the resulting daughter products.  In the sequential strategy, HRC 

is applied for an appropriate amount of time to the DCE/TCE contamination.  As vinyl chloride 

accumulates, the use of HRC is terminated and ORC is applied to treat the remaining 

chlorinated compounds.  However, there is insufficient information at this time to fully 

evaluate HRC’s effectiveness under site-specific conditions.  Bench-scale or field pilot-scale 

studies may be required to develop more useful data. 

 

•  Implementability:  Hydrogen release compounds and technical consultation are available from a 

vendor and could be readily acquired for use at the site.  HRCs may be implemented as an 

injectable slurry or through groundwater wells.  Both methods are readily implementable at the 

site.  Additional hydrogeologic information for the southern VOCs plume area will be needed to 
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determine whether the HRC can be applied into the overburden and bedrock aquifers underlying 

the site. 

 

•  Cost:  Capital costs for the use of HRC would be low.  O&M costs would be low to moderate 

depending on the frequency of HRC replacement. Additional hydrogeologic information for the 

southern VOCs plume area will be needed to determine whether the HRC can be applied into the 

overburden and bedrock aquifers underlying the site. 

 

This process option will be tentatively retained for future consideration because of potential advantages of 

accelerating the degradation of chlorinated compounds in groundwater.  However, additional site-specific 

treatment and hydrogeologic data will be required to better assess effectiveness and implementability. 

 

3.3.2.6  Disposal 

 

This section presents the evaluation of various options for discharge of extracted groundwater. The 

discharge options evaluated include on-site reuse, direct discharge to surface water, discharge to a local 

publicly owned treatment works (POTW), reinjection to the aquifer, and redistribution via an infiltration 

gallery. 

 

On-site Beneficial Reuse 

 

Treated water would be used to water vegetation and shrubbery that is present at the OFFTA site. 

 

Assessment of this option is as follows: 

 

•  Effectiveness:  This method for discharging water treated to meet PRGs is viable for beneficial 

reuse on site. 

 

•  Implementability:  On-site reuse of treated water at the OFFTA site would be easily 

implementable. 

 

•  Cost:  The capital and O&M costs for direct on-site discharge are low. 

 

On-site reuse is an effective, readily implementable, low-cost method of discharging treated water at the 

OFFTA site.  It will be retained for further consideration. 
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Direct Discharge to Surface Water 

 

This discharge option considers direct discharge of treated water to Narragansett Bay. 

 

Assessment of this option is as follows: 

 

•  Effectiveness:  Direct discharge to Narragansett Bay is an effective means of disposing of the 

volume of water that would be generated by the groundwater extraction/treatment system. 

 

•  Implementability:  Direct discharge to the Narragansett Bay is implementable.  The discharge of 

treated groundwater would have to meet appropriate discharge limitations to protect the bay's 

water quality. 

 

•  Cost:  The capital and O&M costs for direct discharge to Narragansett Bay are low. 

 

Direct discharge to the Narragansett Bay is an effective, implementable, and low cost option for 

discharging treated groundwater.  It will be retained for further consideration. 

 

Infiltration Gallery 

 

This option would consist of the pumping of treated groundwater from the treatment system to a 

designated on-site discharge area through an underground pipe.  Treated water would then be 

reintroduced to the aquifer through an infiltration gallery.  The infiltration gallery would be made up of a 

perforated PVC discharge pipe placed within a 2-foot layer of crushed stone bedding material.  The 

crushed stone would be overlain with a geotextile filter fabric and backfilled excavated materials. 

 

Assessment of this option is as follows: 

 

•  Effectiveness:  The infiltration gallery is a widely used and effective method of reintroducing 

treated water to the aquifer, providing that the overburden materials have adequate permeability 

to accept the required discharge rate.  The soils at the site are expected to have adequate 

permeability to handle the anticipated flow rates. 

 

•  Implementability;  The infiltration gallery is a widely utilized method for the on-site redistribution of 

treated water and is readily implementable at OFFTA. 
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•  Cost:  Since construction of an infiltration gallery involved excavation and installation of a network 

of pipes, capital costs are moderate to high compared with other discharge methods.  O&M costs 

are expected to be low. 

 

An infiltration gallery would be an effective means of reintroducing treated water to the subsurface at the 

site and will be retained for further consideration.   

 

3.3.3  Representative Process Options for Groundwater 

 

EPA guidance for conducting FSs (EPA, 1988) recommends that one RPO be selected for each 

technology type to simplify the subsequent development and evaluation of alternatives without limiting 

flexibility during remedial design.  RPOs are selected from the treatment techniques remaining after 

screening based on effectiveness, implementability, and cost.  The RPOs selected provide a basis for 

developing performance specifications during preliminary design.  Although specific process options are 

selected for alternative development and evaluation, these process options are intended to represent the 

broader range of process options within a general technology type.  The specific process for 

implementation of the remedial action may not be selected until the remedial design phase. 

 

Table 3-4 identifies the groundwater RPO(s) chosen for each technology type. 

 

3.4  PRELIMINARY SCREENING OF TECHNOLOGIES AND  
  PROCESS OPTIONS FOR SEDIMENT 
 

3.4.1  Preliminary Screening 

 

As with the soil technologies, a variety of technologies and process options exist for sediment for each 

GRA described in Section 3.1.  A range of these technology types and process options was identified and 

screened to focus on relevant technologies and process options.  Summaries of the identification and 

preliminary screening of technologies and process options appropriate for sediment are provided in 

Table 3-5.  Many options are eliminated based on technology screening.  All options not eliminated due to 

overall applicability concerns (technical implementability) are retained for a more detailed evaluation in 

Section 3.4.2. 

 

3.4.2  Evaluation of Technologies and Process Options 

 

In this step, process options considered implementable following preliminary screening are evaluated in 

greater detail prior to selecting representative process options to use in developing remedial alternatives.  

One representative process option is selected, if possible, from each technology category to simplify 
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subsequent development and evaluation of alternatives without limiting flexibility during remedy selection 

or remedial design.  The evaluation criteria include effectiveness, implementability, and cost, with a focus 

on effectiveness.  Brief descriptions of the criteria are provided in Section 3.2.2. 

 

A discussion of the screening and detailed evaluation of technology types and process options using 

these criteria is provided in the following sections. 

 

3.4.2.1  No Action 

 

The no action scenario is considered to provide a baseline level to which other remedial technologies and 

alternatives can be compared.  Under this scenario, no removal or treatment of the contaminated 

sediment would occur. 

 

Assessment of this option is as follows: 

 

•  Effectiveness: The option would not be effective in achieving the RAOs for contaminated marine 

sediment.  Contaminants would remain and could continue to pose a risk to the marine 

environment and/or human health.  Impacted sediment could migrate to other areas within 

Narragansett Bay and connected waterways. 

 

•  Implementability:  No implementability considerations are associated with the no action scenario. 

 

•  Cost:  Because no actions would be taken other than 5-year reviews of site status, capital and 

O&M costs would be negligible. 

 

The no action scenario is retained as a baseline, as required by the NCP. 

 

3.4.2.2  Limited Action 

 

The limited action GRA consists of activities designed to minimize potential risks to human health and the 

environment primarily by prohibiting or controlling access to impacted areas.  The technology 

types/process options include institutional controls, access restrictions, and long-term monitoring.  These 

options may be conducted independently or in conjunction with other process options to protect human 

health and the environment. 
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Institutional Controls 

 

Institutional controls include administrative actions to restrict future use of the site that may result in 

exposure risks.  The intertidal and subtidal areas are property of the State of Rhode Island, so any efforts 

to restrict access or activities must be coordinated with the state.  Use restrictions could prohibit 

recreational use of the site. 

 

Assessment of this option is as follows: 

 

•  Effectiveness: Since the option would offer no containment or removal of contaminated marine 

sediment, it would not be effective in achieving all the RAOs.  Institutional controls would not 

prevent contaminant migration, reduce toxicity, or reduce contaminated sediment volume, and 

they would not protect marine biota.  New use restrictions, such as bans on swimming and diving 

in the area, could be placed to provide additional protection.  However, additional restrictions may 

not provide substantially more protection, and the effectiveness of such restrictions would also 

depend on adequate enforcement by the landowner of the shoreline.  No additional risks to 

human health and the environment would result from implementation of use restrictions. 

  

•  Implementability: The Navy currently has a no swimming rule for the NAVSTA Newport shoreline. 

Additional use restrictions could be implemented by the State of Rhode Island to prohibit general 

recreational use (diving/bathing) of contaminated areas if the property is excessed.  However, 

adopting the new controls may be difficult and take considerable time.  RIDEM enforcement of 

the bans would be necessary since the restrictions would be placed on state-owned or privately 

held land.  Navy assistance and coordination with Rhode Island authorities would likely be 

necessary to enhance enforcement of the restrictions. 

 

•  Cost: The capital and O&M costs for administrative actions and 5-year reviews would be relatively 

low. 

 

New institutional controls are eliminated from further consideration for the shoreline and nearshore area 

because restrictions on recreational use would be difficult to implement and would likely provide no 

additional reduction in risk. 
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Access Restrictions 

 

Access restrictions include placing physical barriers or markings to limit site use.  Placement of fencing, 

signs, and buoys would demarcate the impacted area and identify the use restrictions and associated 

risks.  These actions would deter access to the site and the impacted sediment. 

 

Assessment of this option is as follows: 

 

•  Effectiveness: Since access restrictions would offer no containment or removal of contaminated 

marine sediment, they would not be effective in achieving all the RAOs.  Access restrictions 

would not prevent contaminant migration, reduce toxicity, or reduce contaminated sediment 

volume.  They would provide no protection of ecological receptors or the environment.  However, 

access restrictions would reduce use of the intertidal area from a recreational use to a trespasser 

use.  Such reduction would correlate to a risk within acceptable range. 

 

Access restrictions such as signs on fencing and buoys would notify people of the existing state 

shellfishing ban and warn people of the hazards present.  These restrictions should deter 

fishermen and recreational users from walking/wading along the shoreline, shellfishing, or diving 

in the area.  Since the access restrictions would be used to reinforce the existing use restrictions 

on state-owned land, RIDEM enforcement may be necessary.  Navy assistance and coordination 

with Rhode Island authorities would likely be necessary to enhance enforcement of the 

restrictions; currently, the Navy patrols the shoreline, however, if property is excessed, RIDEM 

would ultimately be responsible for enforcement.  Adequate enforcement would be difficult to 

ensure, particularly in the long term. 

 

•  Implementability: The NAVSTA Newport may be able to limit shellfishing and access to 

contaminated sediment in the state-owned nearshore area by placing fencing, buoys, and signs 

in the intertidal zone warning people of the existing shellfishing ban and the hazards in the area.  

Fencing would be placed perpendicular to the shoreline, from the top of the slope to below the 

mean low water line at the eastern and western ends of the OFFTA area, and the buoys would be 

placed along the perimeter of the impacted area, seaward of the mean low water line. 

 

Installing and maintaining fencing and signs on Navy-owned land above the high-tide line would 

be readily implemented.  Coordination with the state would be required to install and maintain 

fencing and buoys on state-owned land below the high tide line.  However, because the access 

restrictions would be used to reinforce existing, state-imposed use restrictions, coordination with 
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the state is not expected to be an impediment to placement.  Buoy and fence placement would be 

conducted in accordance with all applicable state and federal regulations. 

 

The fence and buoy system would require at least yearly maintenance to remain effective. 

Routine maintenance of the access restrictions by the Navy would be readily implementable. 

 

•  Cost: The capital and O&M costs for placement of fencing, buoys, and signs would be relatively 

low. 

 

Access restrictions are retained for further consideration for the shoreline and nearshore area.  Signs and 

buoys would be placed to identify and demarcate areas of risk in order to deter human access and use of 

the area for shellfishing.  Fencing would be installed in the intertidal zone to deter site access from both 

the eastern and western directions along the shoreline.  Buoys would deter access to the site by water.  

No protection would be provided to marine biota. 

 

Long-Term Monitoring 

 

Long-term monitoring includes collecting sediment samples from selected locations to assess the 

migration of contaminants within the contaminated media (sediment) and to adjacent media (porewater, 

and subsequently into Narragansett Bay).  Monitoring would also provide a means of measuring any 

natural attenuation processes (intrinsic abiotic and biotic degradation) occurring within the contaminated 

marine sediment or determining if any of the contaminants present have been diluted or covered by 

sedimentation processes.  It would also provide information to assess potential needs for future remedial 

action. 

 

Assessment of this option is as follows: 

 

•  Effectiveness: Monitoring would not be effective in preventing contaminant migration or reducing 

toxicity, mobility, or volume of contaminated sediment.  However, data collected from monitoring 

activities would help to identify trends in contaminant concentrations associated with natural 

attenuation and potential migration off site.  Monitoring could also provide information to assess 

the need for future remedial action, as well as to monitor the effectiveness of any remedial action 

being conducted.  Short-term risks to human health during monitoring activities would be 

minimized by the use of personal protective equipment (PPE). 

 

•  Implementability: A long-term monitoring plan would be readily implementable, since trained 

personnel are available for sample collection and analysis. 
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•  Cost: The capital and O&M costs for a periodic sediment monitoring program would be relatively 

low for the nearshore area and low to moderate for the offshore area. 

 

The long-term monitoring option is retained for further consideration.  While providing no direct protection 

of human health and the environment, monitoring would provide a means of assessing exposure risks 

and potential for contaminant migration existing at the site at any point in time.  Combined with other 

process options, monitoring would further provide a means of determining the effectiveness of remedial 

action activities. 

 

3.4.2.3  Containment 

 

The containment GRA involves using engineering controls to limit potential risks to human health and the 

environment.  It consists of installing and maintaining physical barriers to isolate and contain the 

contaminated marine sediment.  Containment was eliminated from further consideration during 

preliminary screening (see Table 3-5).  Permeable caps were eliminated because of the concern that they 

would not properly contain the contaminants present in the sediment, and impermeable caps were 

eliminated because any water movement or gas formation under the cap could become trapped and 

stress the integrity of the cap. 

 

3.4.2.4  Removal 

 

Removal technologies are included as key components of both the removal/disposal and the 

removal/treatment/disposal GRAs.  Removal activities involve excavating and/or dredging contaminated 

sediment to reduce or eliminate on-site toxicity, mobility, and volume.  These operations require instituting 

sediment resuspension/turbidity control measures, transporting removed materials, dewatering sediment, 

treating water generated during dewatering activities, and restoring altered intertidal and subtidal habitats. 

Sediment consolidated from dewatering activities would also require disposal or treatment.  Removal of 

sediment results in the complete destruction of natural habitats present in the area affected. 

 

In general, selection of the most efficient and cost-effective excavation and/or dredging techniques 

depends on sediment removal rates which, in turn, depend on the following factors: 

 

•  Equipment (type and size) 

•  Volume and depth of contaminated material 

•  Sediment characteristics (amount of debris, sediment grain size, and water content) 

•  Location/navigational constraints (bridges, water depth, currents, etc.) 

•  Weather conditions  
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•  Pretreatment requirements (dewatering, water treatment and disposal, etc.) 

•  Marine ecological concerns related to resuspension of contaminated sediment during removal 

and associated turbidity control (silt curtains, booms, etc.) 

•  Health and safety issues related to handling contaminated sediment 

•  Transport 

•  Method of disposal or treatment 

 

Removal of sediment from the shoreline and nearshore area would be conducted from the shoreline in 

areas where access is possible and there is adequate shallow area in which to work.  Land-based 

removal would be conducted with the assistance of a temporary cofferdam system and continuous 

dewatering to keep the area relatively dry.  Use of a cofferdam system would allow greater access to 

deeper sediment, possibly extending beyond the intertidal zone.  Contaminated sediment that cannot be 

reached from the shoreline would be reached by building a bay haul road out into the water and using 

land-based excavation or dredging equipment or would be removed using barge-mounted dredging 

equipment.  A preliminary design investigation (PDI) would further evaluate the feasibility of removing 

sediment, either using land-based or barge-mounted equipment. 

 

The sediment removal options may include the following excavation and dredging technology types. 

 

Mechanical Dredging and Excavation 

 

Mechanical dredging and excavation may be conducted using a number of techniques including 

clamshells, dippers, bucket ladders, draglines, and conventional earth-moving equipment.  This 

equipment operates by the direct application of mechanical force to dislodge materials to be removed. 

 

Clamshells:  The most commonly used mechanical dredge for removing contaminated soil and sediment 

is the clamshell dredge.  Clamshells can recover all types of material and debris, except highly 

consolidated sediment.  This type of dredge is generally equipped with an open, hinged bucket with a 

capacity of 1 to 12 cy.  The bucket is attached by a cable to a land-based crane or flat-bottomed barge. 

The clamshell dredge can excavate to practically any depth, restricted only by the crane lifting capacity. 

 

The clamshell dredge is operated by opening the jaws of the bucket, lowering the bucket into the material 

to be removed, closing the jaws, and hoisting the bucket by means of the crane cable.  The dredge 

removes a heaped bucket of material, part of which is excavated by drag forces during hoisting.  If 

properly operated, conventional clamshell dredges can operate with limited loss of sediment and can 

efficiently remove a large volume of material.  For marine dredging applications, a modified, watertight 

bucket is sometimes used to minimize the resuspension of solids into the water column.  However, the 
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large rocks and debris within the sediment to be dredged would frequently prevent the bucket from 

closing, thereby reducing the effectiveness of the watertight bucket. 

  

Dippers:  The dipper is a powered 8 to 12 cy shovel designed for digging out rock and very hard, 

compacted material.  Its use is suited for excavation of soft rock and highly consolidated sediment within 

a working depth of 50 feet.  Since this technique operates with a violent digging action and tends to drop 

small particles, its application for marine dredging is often limited.  However, it may be well suited for 

removing debris and large rocks.  It could be operated from the shoreline or a barge to remove 

contaminated sediment. 

 

Bucket Ladders:  A bucket ladder dredge is comprised of a submersible ladder that supports a continuous 

chain of buckets that rotate around two pivots.  When the buckets rotate around the underside of the 

ladder, they scoop up material and transport it up the ladder for discharge into a storage bin.  These 

dredges are most commonly used in mining operations abroad, such as sand and gravel production.  The 

bucket ladder dredge generates considerable turbidity because of the mechanical agitation of sediment 

and leakage from the bucket.  Therefore, its use is limited to removal of contaminated sediment exposed 

during low tide. 

 

Draglines:  Draglines use the same basic equipment as the clamshell dredge.  However, the dragline 

operates by the use of a drag cable to pull the bucket through the material being excavated toward the 

crane.  Dragline dredges typically provide for a longer reach than clamshell dredges operated by the 

same crane.  Since draglines cause a great deal of mechanical agitation of the material being removed 

and because the buckets are generally open, their use generally results in excessive sediment 

resuspension.  However, use of dragline dredges may be required to remove materials in hard-to-reach 

areas.  If possible, their use should be limited to removing contaminated sediment exposed during low 

tide. 

 

Conventional Earth-Moving Equipment:  Conventional, track-mounted, earth-moving equipment 

(excavators, front-end loaders, backhoes, and bulldozers) have limited application in removing 

contaminated sediment from underwater locations; however, they may be well suited to removing 

consolidated sediment and debris from the shoreline and shallow nearshore area.  Front-end loaders and 

bulldozers are generally used to remove loose or soft materials from a few feet above to a few feet below 

grade.  Since they must be in close proximity (both horizontally and vertically) to the material being 

removed, shore-based or barge-mounted operations are not practical; however, bulldozers and front-end 

loaders could be employed to excavate materials behind a cofferdam.  Excavators and trackhoes, 

typically used for trenching and other subsurface excavations, consist of a bucket on a fixed arm and 

have reaches of up to 100 feet.  They can be operated from the shoreline or mounted on a barge. 
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A brief summary of the advantages and disadvantages of mechanical dredging is as follows: 

 

Advantages of mechanical dredging include the fact that excavation can be conducted to 

maximize the solids content and, thereby, minimize the scale of the dewatering and handling 

activities.  Mechanical dredges are highly maneuverable, can remove many types of debris, and 

provide dredging accuracy.  Clamshell dredges and excavators are further capable of efficiently 

removing materials with depth.  Many techniques are available for shoreline use, while fewer 

options are suited for barge-mounted operation. 

 

Disadvantages of mechanical dredging include the potential to resuspend large amounts of 

sediment, as well as offering a lower production capacity and typically higher costs than other 

dredging techniques.  Mechanical dredging operations also require significant rehandling of 

materials. 

 

Assessment of this option is as follows: 

 

•  Effectiveness: Mechanical dredging would be effective in removing contaminated sediment from 

the marine environment.  Removal would minimize future exposure risks to human health and the 

marine environment while preventing contaminant migration within Narragansett Bay.  The 

effectiveness of mechanical dredging is limited by difficulty of achieving complete removal in an 

underwater environment.  Multiple passes over the contaminated area may be required to remove 

all contaminated materials.  The effectiveness can be improved, but not to 100 percent, by state-

of-the-art positioning equipment.  The use of appropriate turbidity control measures during marine 

sediment dredging would minimize contaminant migration during implementation.  Any aquatic 

habitats that are altered by the remedy would require mitigation measures to offset the aquatic 

habitat loss.  Restoration of the habitat would be accomplished by refilling the excavated area to 

the existing grade using materials similar to the existing substrate.  Additionally, if necessary, 

active restoration of any impacted eelgrass beds could be attempted.  However, successful 

restoration of eelgrass beds has not been widely demonstrated. 

 

•  Implementability: Mechanical dredging is readily implementable by companies with trained 

personnel qualified to handle contaminated sediment dredging operations.  Fewer companies are 

available with direct experience in associated contaminated sediment dewatering and treatment 

techniques; however, qualified companies are assumed to be available within the Rhode Island 

coastal business community.  All on-site personnel must be trained in hazardous waste site 

operations due to the nature of the sediment to be removed. 
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Mechanical dredging is implementable by both shoreline and barge-mounted operations. 

However, technical issues related to implementation are challenging for both types of operations. 

Removal using conventional earth-moving equipment would be possible from the shoreline or a 

haul road constructed into the water.  Barge-mounted operations are limited by the draft 

requirements of the vessel and the reach of the mechanical dredge (up to 100 feet).  Because of 

the weight and size of the equipment required for dredging and processing the sediment on the 

barge, the barge is expected to require 6 to 10 feet of water for operation.  Because the water in 

the nearshore area is relatively shallow, some locations may be difficult to access by barge.  It 

may be difficult to replace the aquatic communities destroyed by the dredging activities, although 

the backfill material would provide habitat structure suitable for regrowth of these aquatic 

communities. 

 

•  Cost: The capital costs are moderate to high for dredging of contaminated materials.  No O&M 

costs are associated with dredging, but some O&M would be required in the first few years 

following dredging to monitor the aquatic habitat restoration.  Overall O&M costs would be low. 

 

Mechanical dredging is a viable removal option for nearshore areas and has therefore been retained for 

further consideration.  Contaminated sediment removal activities may include both conventional earth-

moving excavation techniques from the shoreline or a haul road constructed in the water and mechanical 

dredging using barge-mounted equipment for sediment inaccessible from the land. 

 

Hydraulic Dredging 

 

Hydraulic dredges use centrifugal pumps to remove sediment in a liquid slurry form and transport the 

slurry by suction to a designated location on a barge or along the shoreline.  Slurries of 10 to 20 percent 

solids by weight are typically achieved.  A cutterhead, or similar device, is often fitted at the suction end of 

the dredge to assist in dislodging bottom materials and allowing for transport to the suction pipe.  The 

cutterhead is probably the most efficient and versatile type of hydraulic dredge available.  However, new 

hydraulic dredge designs are available that attempt to increase the solids content of the pumped slurry 

while minimizing the sediment resuspension caused by the dredging activity. 

 

Both cutterhead and plain suction hydraulic dredges can efficiently remove large volumes of relatively 

small materials.  Typical hydraulic dredges cannot remove stones or debris larger than approximately 4 to 

6 inches in diameter because they are limited by the size of the suction head and slurry pipeline.  The 

plain suction dredges are capable of removing relatively free-flowing sediment (sand, gravel, and 

unconsolidated material), while cutterhead dredges are capable of removing free-flowing as well as very 

hard and cohesive sediment.  Portable dredges (with or without a cutterhead) can be used to remove 



 

W5201240F 3-61 CTO 833 

moderate volumes of materials that are more surficial in nature (depths of up to approximately 18 inches). 

The cutterhead, plain suction, and portable dredges can all be operated from the shoreline or from barge-

mounted equipment. 

 

A brief summary of the advantages and disadvantages of hydraulic dredging is as follows: 

 

Advantages of hydraulic dredging include limiting the resuspension of sediment and minimizing 

the handling of dredged material by transporting the dredged slurries by suction through 

pipelines.  The cutterhead can efficiently dredge and pump all types of alluvial materials or 

compacted deposits, such as clay or hardpan.  The cutterhead is also capable of grading and 

finishing slopes efficiently. 

 

Disadvantages of hydraulic dredging include the fact that large volumes of water, which may 

require treatment prior to disposal or release, are typically removed along with the sediment (80 

to 90 percent water by weight).  The slurry pipelines used to transport dredged material may 

temporarily obstruct navigational traffic.  Nonhopper dredges cannot be operated in rough water, 

and hopper dredges may require drafts of over 10 feet.  The presence of large stones and 

concrete may limit the effectiveness and suitability of hydraulic dredging in some areas, 

particularly the nearshore areas.  Hydraulic dredges cannot remove material with diameters 

greater than the diameter of the suction head or slurry pipeline. 

 

Assessment of this option is as follows: 

 

•  Effectiveness: Hydraulic dredging would be effective in removing contaminated marine sediment. 

However, in areas where the marine environment contains rocks or debris greater than the 

diameter of the dredge, mechanical excavation and dredging techniques may be required to 

prepare the area prior to hydraulic dredging.  The effectiveness of hydraulic dredging is limited by 

difficulty of achieving complete removal in an underwater environment.  Multiple passes over the 

contaminated area may be required to remove all contaminated materials.  The effectiveness can 

be improved, but not to 100 percent, by state-of-the-art positioning equipment.  Removal of 

impacted sediment would minimize future exposure risks to human health and the marine 

environment, and prevent contaminant migration within Narragansett Bay.  The use of 

appropriate turbidity control measures during dredging activities would minimize contaminant 

migration during implementation.  Any aquatic habitats that are altered by the remedy would 

require mitigation measures to offset the aquatic habitat loss.  Restoration of the habitat would be 

accomplished by refilling the excavated area to the existing grade using materials similar to the 

existing substrate.  Additionally, if necessary, active restoration of any impacted eelgrass beds 
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could be attempted.  However, successful restoration of eelgrass beds has not been widely 

demonstrated. 

 

•  Implementability: Hydraulic dredging is readily implementable by companies with trained 

personnel qualified to handle contaminated sediment dredging operations.  All on-site personnel 

must be trained in hazardous waste site operations.  Fewer companies are available with direct 

experience in associated contaminated sediment dewatering and treatment techniques; however, 

qualified companies are assumed to be available within the Rhode Island coastal business 

community. 

 

Hydraulic dredging is implementable by both shoreline and barge-mounted operations.  Barge-

mounted operations are limited by the draft requirements of the vessel (6 to 10 feet) and the 

reach of the hydraulic dredge.  Because the water in the nearshore area is relatively shallow, 

some locations may be difficult to access by barge.  It may be difficult to replace the aquatic 

communities destroyed by the dredging activities, although the backfill material would provide 

habitat structure suitable for regrowth of these aquatic communities. 

 

•  Cost: The capital costs are moderate for hydraulic dredging of contaminated materials.  No O&M 

costs are associated with dredging, but some O&M would be required in the first few years 

following dredging to monitor the aquatic habitat restoration.  Overall O&M costs would be low. 

 

Hydraulic dredging in the nearshore area has been eliminated from further consideration due to the 

nature of the substrate.  There is a large amount of cobbles and stones greater than 6 inches in diameter 

in all areas, and this size material cannot be effectively removed with hydraulic dredging as discussed in 

this section.  Mechanical equipment is necessary to remove subsurface debris prior to sediment removal 

activities, and mechanical excavation/dredging would be more efficient for removing the contaminated 

sediment present. 

 

Materials Handling and Disposal 

 

Disposal technologies are included as key components of the removal GRAs.  Disposal media include 

any debris and sediment excavated and/or dredged from the marine environment.  Disposal options may 

include both on-base and off-base locations. 

 

Additional activities associated with excavation/dredging operations are related to materials handling. 

These activities include transporting dredged materials for processing, screening, and dewatering 

sediment, and treating/disposing of both the residual water and the dewatered sediment. 



 

W5201240F 3-63 CTO 833 

Transportation of Excavated/Dredged Materials  

 

Marine sediment removed from the impacted areas would be transported for processing (removal of 

debris, dewatering, etc.) prior to disposal.  The type of transport depends on the method of 

excavation/dredging (mechanical transport for mechanical removal activities and hydraulic transport 

through suction pipelines for hydraulic dredging).  Final transportation methods would be selected after 

the dredging method is selected. 

 

Initial Processing 

 

Processing would take place either at a designated shoreline location or on a barge/scow located near 

the removal location.  All excavated/dredged materials are expected to be placed directly on a barge or 

scow for processing or on a staging area at the OFFTA site. 

 

Dewatering Activities:  Dewatering is the first step of processing dredged materials.  This is generally 

required to reduce the moisture content of the sediment, enhance the handling characteristics, and 

prepare the sediment for further treatment and disposal.  Typically, dredged material is screened to 

remove large objects and debris that may plug or foul the dewatering equipment. 

 

Dewatering technologies appropriate for marine sediment include centrifuging, filtration, and gravity 

thickening.  The effectiveness of these technologies can be influenced by the content of clay, silt, and 

organic matter in the sediment. 

 

Centrifuging techniques use the force developed by the fast rotation of a cylindrical drum or bowl to 

separate solids and liquids due to differences in densities.  They can generally achieve a product 

composed of 10 to 35 percent solids.  The effectiveness of using centrifuges is limited by sediment 

containing tars, small particle sizes, low density particles, large objects, or fibrous materials.  Centrifuges 

are generally compact and are, therefore, well-suited for use in areas with space limitations. 

 

Filtration is a physical process whereby liquid is forced through a permeable medium and dewatered 

solids are retained.  Filtration techniques are able to dewater fine-grained sediment over a wide range of 

solids concentrations.  The effectiveness depends on the type of filter, the particle size, and the water 

content of the sediment.  Three commonly used filtration systems include belt press filtration, vacuum 

filtration, and pressure filtration.  The achievable solids content of dewatered sediment is expected to be 

in the range of 10 to 50 percent. 
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Gravity thickeners concentrate solids in a tank, similar to a conventional sedimentation tank or clarifier. 

They can concentrate dredged sediment slurries of nearly any grain size to at least 2 to 15 percent solids. 

Heavier material will dewater quickly and more efficiently than fine-grained material.  Thickened material 

is typically further dewatered by other methods.  The use of gravity thickening techniques for dewatering 

marine sediment has limited applicability.  However, it may be used as a preliminary dewatering 

technique in cases when the solids content is very low, as in the case of slurries generated from hydraulic 

dredging operations. 

 

The selection of a dewatering process or combination of processes depends on the sediment volume and 

solids content (a function of the dredging technique), available land space, and degree of dewatering 

required.  The system may be operated on the barge/scow or at the onshore portions of the site in the 

vicinity of the removal activities. 

 

Treatment/Disposal of Residual Water:  The water generated from sediment dewatering processes may 

require treatment to remove dissolved and colloidal contaminants prior to disposal. 

 

Treatment can take place on the dredging platform or at a NAVSTA Newport-owned shoreline property, 

through a skid-mounted clarifier and membrane filter prior to discharge into Narragansett Bay.  The 

clarifier would remove inorganic constituents by metals precipitation.  Unsettled metals precipitant and 

other suspended particles would be removed by sedimentation and/or filtration.  Organic constituents 

(PAHs) are expected to be adsorbed onto the surface of the suspended particles, and thereby removed 

along with these particles.  However, should a need arise to further reduce the concentrations of these 

organic constituents, additional process units may be added to the skid-mounted treatment train.  These 

may include dissolved air flotation and/or granulated activated carbon process units.  The treated effluent 

would be required to meet specific contaminant concentration limits prior to discharge into the bay. 

 

Actual materials that would be used for precipitation (alum, etc.) and the volumes required would be 

determined upon performance of a pilot scale test.  This is appropriate for design of any treatment plant.  

The volume of water to be treated will be determined based on the dredging equipment to be used and 

the recovery rate of dredged sediment.  The water treatment plant would be designed to keep pace with 

the dredging schedule, once it is determined.  Current estimates indicate that under optimal conditions, 

dredging could progress at a rate of 435 cubic yards per day.  If one assumes dredge spoils are 80 

percent water, the plant would have to treat and discharge up to 75,000 gallons per day.  Backup storage 

would have to be available to withhold as much pretreatment water that could be produced during a full 

day of dredging at optimal rate.  This safeguard will assure that the treatment plant is not over-taxed at 

any time, and that dredging can be delayed if there is a delay in treatment production. 
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3.4.2.5  Disposal 

 

All sediment will be tested for hazardous characteristics after dredging.  Once the marine sediment has 

been tested for hazardous characteristics, approximately 80 percent is expected to be acceptable for 

disposal at a RCRA Subtitle D landfill following dewatering.  It is assumed that the remainder of the 

material (estimated to be 20 percent) would require treatment and/or disposal at a RCRA Subtitle C TSDF 

or landfill. 

 

Assessment of this option follows: 

 

•  Effectiveness: Off-base disposal offers a full range of disposal and treatment/disposal options 

depending on the contaminant type and concentration.  Disposal at a licensed RCRA Subtitle 

D/RCRA Subtitle C landfill or TSDF is an effective means of off-base disposal.  Furthermore, 

these facilities may be capable of providing treatment of selected materials if required prior to 

disposal. 

 

•  Implementability: This disposal option is implementable, and RCRA Subtitle D landfills are 

available locally.  RCRA Subtitle C TSDFs are available for disposing and/or treating removed 

sediment but may require shipping out of state.  Proper handling and transport of contaminated 

materials, complete with bill of lading, would be required.  Some stabilization of the materials may 

be required prior to transport to minimize the presence of free liquids. 

 

•  Cost: The capital costs are expected to be relatively high.  No O&M costs are associated with this 

option. 

 

Off-base disposal is retained for further consideration for dredged materials. 

 

3.4.2.6  Treatment 

 

Treatment is included as a potentially required component of the removal/treatment/disposal GRA. 

Contaminated marine sediment removed by dredging techniques may require treatment, following 

dewatering and prior to disposal.  Treatment would ensure that all contaminated solids are of acceptable 

quality for disposal at the off-base facilities.  Treatment may include stabilization or solidification to 

immobilize contaminants within the material, or use of bulking agents to remove excess water for 

transportation. 
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Appropriate off-base treatment options would be determined by the disposal facility accepting the 

material. 

 

It is anticipated that once the marine sediment has been tested for hazardous characteristics, most of the 

dredged material may be disposed of in a RCRA subtitle D facility following dewatering. 

 

On-Base Treatment 

 

On-base treatment may be required for sediment contaminated with elevated concentrations of metals. 

Potential on-base treatment technologies include chemical/physical (stabilization/ solidification) options. 

Additional thermal, physical, chemical, and biological options were eliminated during preliminary 

screening. 

 

Chemical/Physical Treatment (Solidification/Stabilization):  Solidification/stabilization is a technique that 

mixes reactive materials with contaminated solids, semisolids, and sludge to immobilize the contaminants 

by forming a chemically stable matrix of limited permeability.  Volume increases exceeding 20 percent 

can result.  Solidification/stabilization agents may include cement, siliceous materials, lime, or proprietary 

agents.  Selection of the most appropriate agent, the waste-to-additive ratio, mixing variables, and curing 

conditions all depend on the chemical and physical characteristics of the waste.  

Solidification/stabilization techniques are most successful in treating wastes containing inorganics; 

however, some success has been experienced with oily sludge and solvents. 

 

Assessment of this option follows: 

 

•  Effectiveness: Solidification/stabilization is a well-accepted technique to treat inorganic 

contaminants. Success in forming a chemically stable matrix depends on the selection of the 

stabilizing agents, the mix ratios of waste to agent, and proper mixing and curing.  Its 

effectiveness in treating organics is inconclusive.  Treatability studies would be required to 

confirm the effectiveness in treating organics, as well as in determining the optimum processing 

steps to reduce leaching of inorganic constituents from the solidified/stabilized medium.  Addition 

of stabilizing agents is also used effectively to reduce the amount of free liquid present in 

sediment that may otherwise be of acceptable quality for disposal without additional treatment. 

 

•  Implementability: The implementation of the solidification/stabilization process may prove difficult 

for sediment or sediment slurries with high water content.  Initial dewatering of these materials 

would be necessary to minimize the amount of stabilizing agent required.  This preparatory step 

would, in turn, reduce the time required to stabilize the contaminants and minimize volume 
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increases associated with bulking of the contaminated material.  Treatability studies would be 

required to determine appropriate treatment processes. 

 

•  Cost: The capital costs are expected to be relatively low.  Dredged and dewatered sediment 

requiring solidification/stabilization are expected to be treatable on-site for a minimal cost per 

cubic yard.  No O&M costs are associated with this option. 

 

Solidification/stabilization is a viable treatment option for inorganic contaminants and has been retained 

for further consideration. 

 

Off-Base Treatment 

 

Off-base treatment has been evaluated as a contingency in case onshore portions of the site are not 

available for treatment.  The appropriate off-base treatment technologies will be determined by the 

disposal facility accepting the material. 

 

Assessment of this option follows: 

 

•  Effectiveness: Treatment at a licensed RCRA Subtitle C/RCRA Subtitle D landfill or TSDF are 

effective means of rendering the contaminated material acceptable for off-base disposal.  

Treatment would reduce the toxicity and mobility of the contaminated media.  The volume of the 

media would be increased (typically by up to 20 percent) by solidification/stabilization processes. 

 

•  Implementability: This option is implementable at a licensed off-base facility.  Many facilities offer 

stabilization/solidification.  Fewer facilities are available for treatment of organics.  Proper 

handling and transport of contaminated materials, complete with bill of lading, would be required.  

Some stabilization of the materials may be required prior to transport to minimize the presence of 

free liquids. 

 

•  Cost: The capital costs are expected to be relatively low.  Materials requiring solidification/ 

stabilization are expected to be treatable off-site for a minimal cost per cubic yard.  No O&M costs 

are associated with this option. 

 

Off-base treatment is retained for further consideration for the site area. 
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3.4.2.7  Aquatic Habitat Restoration 

 

Aquatic habitat restoration is a required component of any remedial alternative that significantly damages 

or destroys the existing aquatic habitat.  Dredging/excavation is expected to cause significant impacts to 

the aquatic habitat by destroying the existing aquatic habitat in the remediation area.  Additionally, the 

aquatic habitat outside the remediation area may be damaged by construction activities associated with 

dredging. 

 

This section evaluates aquatic restoration options for the ecological community at risk of damage from 

remedial alternatives: the eelgrass community in a portion of the subtidal area of the site.  Restoration of 

damaged portions of these communities may be required following remedial action; however, all possible 

efforts will be made to avoid damage to the aquatic communities during remediation. 

 

Eelgrass Communities 

 

This section describes the eelgrass habitat and evaluates the measures that can be taken to restore 

damaged habitat. 

 

Characteristics of the Habitat:  Eelgrass (Zostera marina L) is one of approximately 50 species of marine 

vascular plants capable of vegetative and reproductive growth.  It is found in coastal and estuarine waters 

in large meadows or small disjunct beds ranging in size from 1 yard across to acres in area.  This species 

is a true flowering plant, with roots and rhizomes that inhabit sediments ranging from soft mud to coarse 

sand.  The thin, green strap-like leaves range from 6 inches to over a yard long.  It grows in water ranging 

from 1 to 8 meters deep and has been found to exist in a wide salinity range.  Eelgrass is a sensitive 

species that grows where several physical, chemical, and biological parameters are in balance with the 

needs of the plant. 

 

The availability of light controls the depth of eelgrass and is considered the most critical factor in 

maintaining healthy eelgrass beds (Kenworthy and Haunert, 1991).  In Narragansett Bay, the most 

important factor contributing to the continuing decline of seagrass has most likely been light reduction 

caused by turbidity created by algal blooms and periodic disturbances such as dredging (TtNUS, 1999).  

The algal blooms are the result of increasing amounts of anthropogenic nitrogen since the 1870s (Nixon, 

1993; Nixon, Granger, and Nowicki, 1995; Nixon, 1997).  Natural factors such as wave and tidal action 

and shifting sediment have also contributed significantly to eelgrass bed instability. 

 

Eelgrass is present in large healthy stands in the sub-tidal area near the OFFTA site, as documented in 

an underwater survey conducted in July 2001 (Pare Engineering, 2001). The healthy condition of these 
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stands indicate that physical conditions (light, substrate, etc.) are appropriate for growth, so these stands 

should be somewhat resilient to moderate impacts such as limited short-term disturbance. 

 

Natural Restoration of the Eelgrass Habitat:  Natural restoration is an option that could be considered to 

mitigate minor damage to eelgrass beds resulting from turbidity-related impacts such as decreased light 

availability or increased siltation.  Natural restoration would be limited to the use of sediment 

resuspension/turbidity controls such as installing floating silt curtains during dredging or capping, 

implementing a turbidity monitoring program to ensure the effectiveness of the turbidity controls, and 

monitoring the restoration of the habitat following completion of the remedial action. 

 

An assessment of the natural restoration of slightly damaged eelgrass communities follows: 

 

•  Effectiveness: The natural recovery potential for eelgrass indirectly affected (not excavated) by a 

remedial action in the nearshore area is favorable if the physical conditions of the area already 

provide healthy stands.  Light availability is not expected to be a significant factor in the long-term 

(i.e., the period following implementation of the sediment remediation alternative); however, 

uncontrolled sediment suspension caused by dredging during the remediation may decrease the 

available light for a short period.  Effective dredging/excavation management and use of sediment 

resuspension/turbidity controls should minimize this problem. Under all circumstances, the 

sediment removal area would be enclosed by floating silt curtains to limit the dispersion of 

resuspended particulates.  A turbidity monitoring program would be implemented to ensure the 

effectiveness of sediment containment procedures. 

 

Similarly, wave and current action in the area are not likely to be significantly altered by the 

sediment remedial action.  Any minor changes in wave and current action are not expected to 

interfere with natural restoration of damaged eelgrass beds.  Because the present stability of the 

eelgrass bed is unknown, it will be difficult to discern natural from anthropogenic stresses that 

might result from the remedial action.  To address this concern, eelgrass bed monitoring would be 

conducted during remediation in conjunction with turbidity monitoring to provide some insight into 

whether operation-induced siltation is occurring. 

 

•  Implementability: Natural restoration of slightly impacted eelgrass beds is easily implemented.  It 

would principally involve proper use of operational and sediment resuspension/turbidity controls 

during active remediation of the nearshore areas to limit damage and allow the area to quickly 

return to its original condition. 
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•  Cost: The capital and O&M costs for natural restoration of slightly impacted eelgrass beds would 

be low.  The costs for minimizing damage to the area would be included as part of the normal 

dredging costs.  Additional costs would include turbidity monitoring and any monitoring 

associated with the restoration of the habitat. 

 

Natural restoration is a viable option to address eelgrass beds slightly impacted by remedial actions in the 

nearshore area.  It is retained for further consideration for alternatives that could result in slight damage to 

eelgrass beds. 

 

Assisted Restoration of the Eelgrass Habitat:  Assisted restoration is an option that could be considered 

to mitigate destruction of the eelgrass community caused by dredging within the limits of the eelgrass 

beds.  Assisted restoration of eelgrass beds consists of providing the optimum habitat structure and 

transplanting eelgrass into the sediment structure.  Seagrass transplanting methods can be grouped into 

three broad categories: (1) shoots with sediment intact, (2) seeds, and (3) shoots with bare roots.  After 

initial transplanting, the success of the restoration would have to be monitored and additional 

transplanting would likely be necessary to replace grasses that did not survive. 

 

An assessment of assisted restoration of severely damaged eelgrass communities follows: 

 

•  Effectiveness: The potential for accelerating the recovery of eelgrass impacted by a remedial 

action is evaluated below in light of the success of recent eelgrass restoration projects in 

Narragansett Bay. 

 

In 1995, the National Marine Fisheries Service (NMFS) conducted eelgrass restoration projects at 

10 sites (Bristol Ferry North, Bristol Ferry South, Sakonnet River (2), Dutch Harbor, Dyer Island, 

Hog Island, Northern Jamestown, T-Dock, and West Prudence) chosen for their high clarity of 

water, sandy sediment, and protection from heavy wave action and strong tidal currents.  By 

1997, only three sites were found to still be supporting any plants (T-Dock, Prudence Island, and 

Dutch Harbor).  The loss of sites has been attributed to strong winds that accompanied the 

passage of a hurricane in 1996, crab bioturbation, and excessive reduction in light transmission 

due to macroalgae; one site was probably set too shallow and one too deep. 

 

Further restoration efforts conducted by the University of Rhode Island (URI) in 1995 involved two 

separate eelgrass restoration projects: one involving eelgrass shoots with bare roots as the 

transplant media, and another using only eelgrass seeds.  For each proposed transplant area, a 

careful evaluation of environmental variables was conducted, including collecting information on 

bathymetric data coupled with light extinction data, wave energy, sediment type (i.e., sandy 
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bottom, presence/absence of existing eelgrass, and current human use).  In addition, preference 

was given to areas known to have historically contained eelgrass beds vs. those areas that did 

not. 

 

Out of six sites selected for eelgrass shoot/root transplant by URI in 1995, only one site (Hope 

Island) has persisted to this date.  Similarly, of the four sites where eelgrass seeding was 

conducted, only one site (Dutch Harbor) was successful.  Limited success for both projects is 

most likely a result of early planting (for seeding the project) and strong wave action.  Both URI 

and NMFS found the higher density plots are more likely to succeed than are those with a lesser 

density. 

 

In summary, eelgrass restoration projects underway in Narragansett Bay have targeted the most 

promising locations with respect to environmental conditions believed to favor growth.  Despite 

extensive experimentation in transplantation methods, densities, and locations, very few sites 

have persisted more than a few years.  Hence, it would appear that the potential for a successful 

assisted eelgrass restoration in the OFFTA area is low to negligible for eelgrass beds that might 

be destroyed by remedial activities. 

 

•  Implementability: Assisted restoration of eelgrass beds significantly damaged by remedial 

activities could be attempted by transplanting eelgrass shoot or seeds and optimizing the habitat 

structure to encourage eelgrass survival.  However, successful restoration may not be possible. 

As described above, assisted restoration of eelgrass beds has not been widely successful, even 

under ideal conditions.  It is unlikely the assisted restoration would be successful in the OFFTA 

area, which has less than ideal conditions. 

 

•  Cost: The costs of assisted restoration at this site or elsewhere would likely be high due to the 

need for multiple plantings and extensive monitoring.  As noted, little success with assisted 

restoration of eelgrass in Narragansett Bay has been achieved to date. 

 

Assisted restoration does not appear to be a viable option to enhance restoration of damaged eelgrass 

beds in the OFFTA area.  However, if planned remedial actions would severely damage eelgrass beds 

and some form of mitigation is required, assisted mitigation could be reconsidered to restore the 

damaged bed or to restore a damaged eelgrass bed in another part of Narragansett Bay. 

 

Surveys performed during July 2001 indicate that eelgrass beds offshore of OFFTA are viable with 

respect to cover, bed size, and shoot density, to the extent that these features characterize self-

sustaining beds.  Since the eelgrass beds are characterized as viable and self-sustaining, and since 
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actions are likely to impact only a portion of these beds, attempts should only be made to restore these 

beds in place after sediment removal.  Should this action be necessary, further restoration options would 

be evaluated employing habitat modifications that would structurally enhance eelgrass restoration, e.g., 

sand bottom and flatness.  This effort would rely on the experience gained in other restoration projects 

noted above for optimal location and restoration procedures. 

 

3.4.3  Representative Process Options for Sediment 

 

EPA guidance for conducting FSs (EPA, 1988) recommends that one RPO be selected for each 

technology type to simplify the subsequent development and evaluation of alternatives without limiting 

flexibility during remedial design.  RPOs are selected from the treatment techniques remaining after 

screening based on effectiveness, implementability, and cost.  The RPOs selected provide a basis for 

developing performance specifications during preliminary design.  Although specific process options are 

selected for alternative development and evaluation, these process options are intended to represent the 

broader range of process options within a general technology type.  The specific process for 

implementation of the remedial action may not be selected until the remedial design phase. 

 

Table 3-6 identifies the sediment RPO(s) chosen for each technology type.  The RAOs specify that the 

goal of remediation is to restore the site for residential use without any restrictions.  In order to meet this 

requirement, technologies involving containment and/or in situ technologies that require long-term 

monitoring are not considered, and, therefore, the selected RPOs primarily reflect removal, treatment, 

and disposal options.  No action, dredging/excavation, disposal at an off-site landfill or TSDF, and 

solidification/stabilization have been selected as the RPOs. 

 

The no action option consists of undertaking no remedial action at a particular site.  Inclusion of the no 

action alternative is required under CERCLA guidance, and this alternative is used as a baseline 

consideration in the detailed evaluation or to address sites that do not require any active remediation.  No 

technologies or process options are associated with this RPO. 

 

Mechanical dredging is a viable removal option for nearshore areas and has therefore been retained for 

assembly into alternatives.  Contaminated sediment removal activities may include both conventional 

earth-moving excavation techniques (behind a temporary cofferdam) and mechanical dredging using 

barge-mounted equipment for sediment inaccessible from the shoreline or haul road constructed into the 

water.  This process option has been selected to represent the excavation/dredging technology for the 

removal/disposal and removal/treatment/disposal GRAs for the shoreline and nearshore areas. 
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Off-site disposal at a landfill or a TSDF was retained as an RPO for use either in conjunction with a 

remediation process that produces residuals that must be disposed of off base or for disposal of 

contaminated sediment.  Use of a TSDF will be a very effective, long-term solution to contaminated soil 

disposal. 

 

Solidification/stabilization is retained as the treatment RPO.  If treatment is required, this RPO will 

effectively immobilize contaminants within the sediment. 
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4.0  DEVELOPMENT AND SCREENING OF ALTERNATIVES FOR SOIL 

 

The purpose of this section is to develop and screen alternatives and to assemble an appropriate range 

of remedial options to achieve the site RAOs.  Remedial technology process options retained for further 

consideration in Section 3.0 are combined to form remedial alternatives.  Detailed evaluation of these 

alternatives is performed subsequently. 

 

4.1  RATIONALE FOR DEVELOPMENT OF ALTERNATIVES 

 

The alternatives are developed to comply with regulatory criteria applicable to the site conditions and the 

media of concern, as directed by the following regulations and guidance: 

 

•  Navy/Marine Corps Installation Restoration Manual (2000), which dictates that remedial 

alternatives be consistent with the procedures outlined in the NCP (40 CFR 300.430). 

 

•  National Oil and Hazardous Substances Pollution Contingency Plan (NCP) (40 CFR 300), which 

establishes the criteria for development and evaluation of remedial alternatives and further 

suggests consideration of applicable EPA directives and guidance. 

 

•  Guidance for Conducting Remedial Investigations and Feasibility Studies under CERCLA 

(EPA, 1988). 

 

These documents require that a range of alternatives be developed that eliminate, reduce, or control 

human and ecological risks.  The goal is to select remedies that are protective of human health and the 

environment, that maintain protection over time, and that minimize untreated waste.  According to 

Section 121 of CERCLA, as amended by SARA, the statutory preference is for remedies that will result 

in a permanent and significant decrease in toxicity, mobility, or volume of contaminants and provide 

long-term protection.  In addition, the NCP requires that certain expectations be considered in developing 

and screening remedial alternatives.  These expectations are as follows: 

 

•  Treatment will address the principal threats posed by the site, wherever practical.  Principal 

threats are considered to be liquids, areas contaminated with high concentrations of toxic 

compounds, and highly mobile materials. 

 

•  Engineering controls, such as containment, will be used for waste that poses a relatively low, 

long-term threat and for which treatment is impractical. 
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•  A combination of methods will be used, as appropriate, to achieve protection of the environment.  

In appropriate site situations, treatment of principal threats will be combined with engineering 

and institutional controls for dealing with residuals and relatively low, long-term threats. 

 

•  Institutional controls, such as deed restrictions, will supplement engineering controls for short- 

and long-term management to prevent or limit exposure to hazardous substances, pollutants, or 

contaminants. 

 

•  The use of innovative technologies will be considered when such use offers the potential for 

comparable or superior treatment performance or implementability, fewer or lesser adverse 

impacts, or lower costs for similar levels of performance than previously demonstrated 

technologies. 

 

Environmental media will be returned to their beneficial uses, when practical, within a reasonable time 

frame.  When restoration of a medium is not practical, actions are expected to prevent further migration 

and exposure to contaminated media and to evaluate further risk reduction measures. 

 

From the technologies that passed the screening, RPOs were selected to represent a typical remedial 

action in Section 3.0.  Alternatives are developed by assembling RPOs.  The Guidance for Conducting 

Remedial Investigations and Feasibility Studies under CERCLA (EPA, 1988) identifies six steps for 

developing alternatives.  The six steps as specified by EPA are described below. 

 

 1. Develop RAOs specifying the chemicals and media of interest, exposure pathways, and PRGs 

that permit a range of treatment and containment alternatives to be developed.  The PRGs are 

developed on the basis of chemical-specific ARARs and, when available, other available 

information (e.g., reference doses [RfDs]) and site-specific risk-related factors. 

 

 2. Develop general response actions for each medium of interest defining containment, treatment, 

excavation, or other actions, singly or in combination, that may be taken to satisfy the RAOs for 

the site. 

 

 3. Identify volumes or areas of media to which GRAs might be applied, taking into account the 

requirements for protectiveness as identified in the RAOs and the chemical and physical 

characterization of the site. 

 

 4. Identify and screen the technologies applicable to each general response action to eliminate 

those that cannot be implemented at the site.  Further define the GRAs to specify remedial 
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technology types (e.g., the GRA of treatment can be further defined to include chemical or 

biological technology types). 

 

 5. Identify and evaluate technological process options to select an RPO for each technology type 

to be retained for consideration.  Although specific processes are selected for alternative 

development and evaluation, these processes are intended to represent the broader range of 

process options within a general technology type. 

 

6. Assemble the selected RPOs into alternatives representing a range of treatment and 

containment combinations, as appropriate. 

 

The purpose of providing a range of alternatives is to ensure all reasonable GRAs are represented and 

evaluated. 

 

Table 3-2 listed the soil RPOs and the corresponding technology types.  The soil remedial alternatives in 

this FS report are formulated from these RPOs and are presented in Table 4-1. 

 

Based on current data, the remedial action for soil at OFFTA is to address approximately 48,500 cy of 

impacted surface and subsurface soil.  Several PAHs, arsenic, beryllium, lead, and manganese 

exceeded RIDEM standards for surface soil.  Subsurface soil contaminants exceeding RIDEM standards 

include several PAHs, antimony, arsenic, beryllium, lead, manganese, and petroleum hydrocarbons.  

The areal extent and depth of contamination are depicted on Figure 2-3.  In order to address RIDEM 

requirements and be able to achieve residential cleanup standards with no land use restrictions, three 

alternatives were developed to address soil contamination at OFFTA.  The alternatives are as follows: 

 

Soil Alternative 1: No Action 

Soil Alternative 2: Removal, Ex situ Treatment, and Backfill 

Soil Alternative 3: Removal and Disposal 

 

No alternatives using the Limited Action and Containment GRAs were assembled because they would 

not meet the RAO of allowing unrestricted residential use of the site. 

 

4.2  DESCRIPTION OF ALTERNATIVES 

 

The alternatives were developed to address soil and debris in the areas identified as posing potential 

risks to human health.  As discussed previously, the volume requiring remediation consists of about 

48,500 cy.  The depth of contamination varies across the site. 
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Sections 4.2.1 through 4.2.3 describe the alternatives developed to address the site soil.  Table 4-1 

identifies the components of each alternative. 

 

4.2.1  Soil Alternative 1: No Action 

 

The no action alternative, as required under the NCP, would involve no remedial response activities and 

would provide no additional protection of human health or the environment.  However, it would provide a 

baseline for comparison to other alternatives.  Since contamination would remain and unrestricted future 

use of the area would be allowed, 5-year reviews of the no action decision would be required. 

 

Under this alternative no remedial actions would be performed, no measures would be implemented to 

restrict access to the OFFTA site, and no actions would be taken to warn people of the hazards.  Existing 

measures that provide some protectiveness include fencing and signs around the OFFTA that limit 

access to the site. 

 

4.2.2  Soil Alternative 2: Removal, Ex situ Treatment, and Backfill 

 

Alternative 2 would eliminate long-term management by addressing contaminated soil through 

excavation and treatment.  This alternative would offer aggressive remediation through excavation and 

on-site treatment by LTTS and soil washing to reduce the contaminant concentrations to levels below 

PRGs.  Elements of Alternative 2 would include: 

 

•  Pre-design investigation to determine the extent of excavation and types of disposal required 

•  Pilot test for LTTS and soil wash 

•  Excavation of the mounds and segregation of soil and debris 

•  Excavation of site to remove debris and contaminated soil 

•  Segregation and testing of debris and contaminated soil 

•  Removal and replacement of the on-site storm drains as needed 

•  Removal of inactive storm drains, sanitary piping, or other unused utilities 

•  Confirmation sampling of excavated areas to ensure complete removal of contaminated soil 

•  Temporary storage of contaminated and contaminant-free materials 

•  On-site treatment of contaminated soil with LTTS to remove organics 

•  On-site treatment of contaminated soil with soil washing to remove inorganics 

•  Confirmation sampling of treated soil 

•  Backfill with treated soil supplemented with clean fill material 

•  Disposal of debris and treatment residues 

•  Construction of a new revetment along the shoreline 
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•  Post-remediation groundwater monitoring (Section 5 of this report) 

•  Institutional controls limiting the use of groundwater 

•  Five-year review 

 

LTTS uses direct or indirect heating to thermally desorb or volatilize organic contaminants present in soil.  

LTTS has been used extensively at various CERCLA sites, and the experience resulting from its use has 

been positive.  Soil washing involves treating soil with wash liquids that would separate the contaminants 

from the soil media; it would be used to remove metals from the soil.  The combination of LTTS and soil 

washing would address all site contaminants, both organic and inorganic.  Removal would involve the 

removal of surface and subsurface soil (up to 10 feet) using trackhoes.  An estimated 48,500 cy of soil 

and debris would be excavated, with approximately 35,530 cy of that being soil to be treated.  As part of 

pre-construction, the existing mounds at the OFFTA (10,900 cy) would be excavated and the debris 

disposed of in order to allow access to any contaminated soil beneath the mounds.  It is assumed for the 

FS that the debris within the mounds and surrounding areas is suitable for disposal as solid waste; 

however, the materials would be tested prior to disposal to verify this.  Excavation and backfilling with 

treated soil would be performed in conjunction with each other, with work progressing in stages across 

the site.  Sampling of the excavated areas and analysis with field test kits and quick-turnaround lab 

analyses would be used to ensure complete removal of the contaminated soil before backfilling. 

 

4.2.3  Soil Alternative 3: Removal and Disposal 

 

Alternative 3 would eliminate long-term management by addressing contaminated soil through 

excavation and disposal.  This alternative would offer aggressive remediation through excavation and 

transportation of contaminated soil to a TSDF or landfill.  Elements of Alternative 3 would include: 

 

•  Pre-design investigation to determine the extent of excavation and types of disposal required 

•  Excavation of the mounds and segregation of soil and debris 

•  Excavation of site to remove debris and contaminated soil 

•  Segregation and testing of debris and contaminated soil 

•  Removal and replacement of the on-site storm drains as needed 

•  Removal of inactive storm drains, sanitary piping, or other unused utilities 

•  Confirmation sampling of excavated areas to ensure complete removal of contaminated soil 

•  Temporary storage of contaminated and contaminant-free materials 

•  Disposal of debris and non-hazardous soil at a municipal landfill as appropriate for the 

constituents present 

•  Disposal of hazardous soil at a TSDF 

•  Backfill with clean fill material 
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•  Construction of a new revetment along the shoreline 

•  Post-remediation groundwater monitoring (in accordance with section 5) 

•  Institutional controls limiting the use of groundwater 

•  Five-year review 

 

An estimated 48,500 cy of soil and debris would be excavated for disposal.  It is assumed that as part of 

pre-construction, the existing mounds at the OFFTA (10,900 cy) would be excavated and the debris 

disposed of as solid waste in order to allow access to any contaminated soil beneath the mounds.  The 

material in the mounds would be tested prior to disposal to determine the appropriate disposal facility. 

 

Removal would involve the removal of surface and subsurface soil (up to 10 feet) using trackhoes. 

Excavated material would be loaded onto trucks and hauled off site to an approved disposal facility.  The 

effectiveness of the technique has been demonstrated in many full-scale operations.  Excavation and 

backfilling with clean fill would be performed in conjunction with each other, with work progressing in 

stages across the site.  Sampling of the excavated areas and analysis with field test kits and quick-

turnaround lab analyses would be used to ensure complete removal of the contaminated soil before 

backfilling. 

 

TSDFs are controlled by regulations contained in, but not limited to, 40 CFR 264 and 265.  It is not 

practical to select a specified TSDF or transporter at this time; however, potential TSDFs are available in 

neighboring states.  The TSDFs and transporters would be from an approved list of EPA- and/or state-

registered vendors. 

 

4.3  DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 

 

The remedial alternatives developed in Section 4.2 are described and analyzed in detail in this section.  

The detailed analysis of the alternatives provides information to facilitate selection of a specific remedy 

or combination of remedies.  The detailed analysis of alternatives was developed in accordance with the 

NCP [40 CFR 200.430(e)] and the Guidance for Conducting Remedial Investigations and Feasibility 

Studies Under CERCLA (EPA, 1988). 

 

In conformance with the NCP, seven of the following nine criteria were used to evaluate each of the 

retained alternatives during the detailed analysis.  The last two criteria, state and community acceptance, 

will be addressed following the receipt of state and public comments on the proposed plan. 

 

•  Overall Protection of Human Health and the Environment 

•  Compliance with ARARs 
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•  Long-Term Effectiveness and Permanence 

•  Reduction of Toxicity, Mobility, or Volume Through Treatment  

•  Short-Term Effectiveness 

•  Implementability 

•  Cost 

•  State Acceptance 

•  Community Acceptance 

 

Under the NCP, the selection of the remedy is based on the nine evaluation criteria, which are 

categorized into three groups: 

 

•  Threshold Criteria - Overall protection of human health and the environment and compliance 

with ARARs are threshold criteria that each alternative must meet in order to be eligible for 

selection. 

 

•  Primary Balancing Criteria - The five primary balancing criteria are long-term effectiveness and 

permanence; reduction of toxicity, mobility, or volume through treatment; short-term 

effectiveness; implementability; and cost. 

 

•  Modifying Criteria - State and community acceptance are modifying criteria that will be 

considered in remedy selection. 

 

Brief, general discussions of these evaluation criteria are presented in the following text.  Detailed 

analyses of the alternatives using the evaluation criteria are presented in Section 4.4.  A comparative 

analysis of the alternatives is presented in Section 4.5. 

 

Overall Protection of Human Health and the Environment 

 

This evaluation criterion provides a final check to assess whether each alternative provides adequate 

protection of human health and the environment.  The overall assessment of protection draws on the 

assessments conducted under other evaluation criteria including long-term effectiveness and 

permanence, short-term effectiveness, and compliance with ARARs.  The evaluation focuses on whether 

a specific alternative achieves adequate protection and how risks are eliminated, reduced, or controlled. 
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Compliance with ARARs 

 

ARARs are considered during the detailed evaluation of alternatives.  Alternatives are assessed on 

whether they attain ARARs.  When an ARAR cannot be met, the basis for justification of a waiver under 

CERCLA, or within the specific requirement, is presented. 

 

Potential ARARs are determined by the Navy in consultation with EPA and RIDEM.  ARAR identification 

is an iterative process, and potential ARARs must be reexamined throughout the RI/FS process until a 

ROD is issued. 

 

Long-Term Effectiveness and Permanence 

 

Under this criterion, the alternatives are evaluated for long-term effectiveness, permanence, and the 

degree of risk remaining after the RAOs have been met.  The following components are evaluated: 

 

•  Magnitude of residual risks - assesses the residual risk remaining from untreated wastes or 

treatment residuals at the conclusion of remedial actions, the remaining sources of risk, and the 

need for 5-year reviews. 

 

•  Adequacy and reliability of controls - assesses controls that are used to manage treatment 

residuals or remaining untreated wastes.  This assessment includes addressing the likelihood of 

technologies to meet required efficiencies or specifications, type and degree of long-term 

management, long-term monitoring requirements, O&M functions to be performed, uncertainties 

associated with long-term O&M, potential need for replacement of technical components and 

associated magnitude of risks or threats, degree of confidence in controls to handle potential 

problems, and uncertainties associated with land disposal of untreated wastes and residuals. 

 

Reduction of Toxicity, Mobility, or Volume Through Treatment 

 

This criterion addresses the statutory preference for remedies that employ treatment as a principal 

element by assessing the relative performance of different treatment technologies for reducing the 

toxicity, mobility, or volume of the contaminated media.  Specifically, the analysis should examine the 

magnitude, significance, and irreversibility of the estimated reductions. 

 

The degree to which remedial alternatives employ treatment that reduces toxicity, mobility, or volume 

are assessed by considering the following factors: 
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•  The treatment processes that the remedies employ, the media they would treat, and threats 

addressed. 

 

•  The approximate amount of hazardous materials that would be destroyed or treated. 

 

•  The degree of expected reduction in toxicity, mobility, or volume as a result of treatment. 

 

•  The degree to which the treatment is irreversible. 

 

•  The type and quantity of residuals that would remain following treatment, considering the 

persistence, toxicity, mobility, and bioaccumulation capacity of the contaminants of concern and 

impacted media. 

 

•  The ability of alternatives to satisfy the statutory preference for treatment as a principal element. 

 

Short-Term Effectiveness 

 

The assessment of short-term effectiveness during construction or implementation until the RAOs are 

met includes consideration of the following factors: 

 

•  Potential short-term impacts to the community during remedial actions and whether risks may be 

addressed or mitigated. 

 

•  Potential impacts to, and protection of, the workers during remedial actions. 

 

•  Potential adverse environmental impacts that result from construction and implementation of the 

alternative, and the reliability of mitigation measures. 

 

•  Time until RAOs are achieved. 

 

Implementability 

 

The ease or difficulty of implementing a remedial alternative is assessed by considering the following 

factors during the detailed analysis: 

 

•  Technical Feasibility: 
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− Degree of difficulty or uncertainties associated with constructing and operating the 

alternative. 

 

− Technical difficulties associated with the technologies' reliability that could result in schedule 

delays. 

 

− Likelihood of additional remedial actions and anticipated ease or difficulty in implementation. 

− Ability to monitor the effectiveness of the remedy and risks of exposure if monitoring is 

insufficient to detect remedy failure. 

 

•  Administrative Feasibility: 

 

− The need to coordinate with other offices and agencies and obtain necessary approvals and 

permits. 

 

•  Availability of Services and Materials: 

 

− Availability of adequate capacity and location of treatment, storage, and disposal services, if 

required. 

− Availability of necessary equipment and specialists. 

 

− Availability of treatment technologies comprising the alternative, sufficient demonstration of 

the technologies, and availability of vendors. 

 

− Availability of services and materials, and the potential for obtaining competitive bids. 

 

Cost 

 

A detailed cost analysis is performed for each alternative to assess the net present worth cost to 

implement the remedial actions.  The cost analysis consists of the following: 

 

•  Estimation of capital (direct and indirect) and annual O&M costs. 

 

•  Development of costs with an accuracy in the range of +50 percent to -30 percent. 
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•  Calculation of the present worth (capital and O&M costs) of the alternative by discounting to a 

base year or current year using a discount rate of 3.9 percent. 

 

State Acceptance 

 

RIDEM will be providing input to the FS process on an ongoing basis and would continue to do so 

throughout the public comment period.  Assessment of the state concerns may not be completed until 

comments on the RI Report, FS Report, and proposed plan are received.  As a result, this Draft FS does 

not include any additional discussion about this criterion for any of the alternatives analyzed.  State 

concerns may be discussed, to the extent possible, in the proposed plan to be issued for public 

comment.  The state’s comments would be fully addressed in the record of decision (ROD).  The state 

concerns that would be assessed include the following: 

 

 (1) The state's position and key concerns related to the preferred alternative and other 

alternatives and 

 

 (2) State comments on ARARs or the proposed use of waivers. 

 

Community Acceptance 

 

This criterion refers to the community's comments on the remedial alternatives under consideration.  The 

community is broadly defined to include all interested parties.  Community concerns would be addressed 

after the public comment period, which follows the release of an administrative record that includes the 

RI Report, FS Report, and proposed plan along with any other documents that were used by the EPA to 

develop the proposed remedy.  As a result, this FS does not include any additional discussion about this 

criterion for any of the alternatives analyzed. 

 

4.4  INDIVIDUAL ANALYSES OF SOIL ALTERNATIVES 

 

Three remedial alternatives, including the No Action Alternative, were developed to address the 

contaminated soil at OFFTA.  Detailed evaluations of each alternative are presented in this section and 

summarized in Table 4-2.  Detailed cost estimates, including both capital and O&M costs, as well as 

assumptions for each alternative are presented in Appendix F. 
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4.4.1  Soil Alternative 1: No Action 

 

Consideration of a no action alternative is required under the NCP.  At a minimum, it provides a baseline 

against which other alternatives may be compared.  No containment, removal, or treatment of soil 

contaminant would be conducted.  The alternative would provide no mechanism to minimize potential 

risks to receptors except for the existing fencing and signs, which would not be maintained.  No 

groundwater monitoring would occur, and there would be no restrictions on groundwater use.  The only 

activities to be conducted under Alternative 1 would be review of site conditions and risks every 5 years. 

 

An analysis of this alternative with respect to the evaluation criteria is as follows: 

 

Overall Protection of Human Health and the Environment: The no action alternative would not provide 

long-term protection of human health and the environment and would not facilitate site re-use.  

Alternative 1 would not achieve RAOs for the protection of human health or the environment, and 

several PAH and inorganic contaminants would still exist at the OFFTA site at concentrations exceeding 

PRG levels.  Contaminants in the soil would continue to pose unacceptable risks to human health in the 

long-term through dermal contact, incidental ingestion, and possibly through fugitive dust inhalation, 

under potential future use of the site. Under the future land-use scenario, a resident exposed to existing 

contamination in subsurface soil would have unacceptable risk.  The fencing and signs currently at the 

site would not be maintained and could become ineffective. 

 

The PAHs and inorganic contaminants remaining in the soil would also have a continued potential to 

leach into the groundwater.  Because contaminants would remain at the site, 5-year reviews would be 

conducted, as required by CERCLA, to assess changing conditions and potential risks.  Once the 5-year 

review results have been evaluated, and if contaminant migration is deemed to pose human health or 

environmental risks, then additional response actions may be warranted. 

 

Compliance with ARARs: Tables 4-3, 4-4, and 4-5 summarize chemical-, location-, and action-specific 

ARARs and TBCs, respectively, for Alternative 1.  This alternative fails to meet ARARs because it does 

not address soil exceeding PRGs that have been derived from state and federal regulations.  Since no 

action is to be taken under this alternative, there are no state or federal location-specific or action-

specific ARARs or TBCs. 

 

Long-Term Effectiveness and Permanence:  Since no remedial actions would occur under Alternative 1, 

the unacceptable future threats to human health and the environment would remain.  Potential 

contaminant migration pathways would not be addressed, and PAHs and metal contaminants remaining 

at the site would continue to pose threats to human health through various exposure pathways.  
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Estimated excess carcinogenic risk of approximately 2.5 x 10-5 for surface soil and 4.0 x 10-5 for 

subsurface soil would remain during future residential use of the site under this alternative. 

 

Contaminants in the subsurface would also continue to potentially leach into the groundwater underlying 

the site and migrate off site into Coasters Harbor. 

 

Because of the risk associated with leaving contaminated soil on site, 5-year reviews would be required. 

These 5-year reviews would assess whether threats or risks are increasing or abating with time and any 

changes in the conditions at the site. 

 

Under the no action alternative, no additional controls would be used to manage the contaminants at the 

site.  Therefore, the evaluation of the adequacy and reliability of new controls is not applicable. 

 

Reduction of Toxicity, Mobility, or Volume Through Treatment: The no action alternative would not 

reduce the toxicity, mobility, or volume of contamination through treatment, since no treatment is used to 

address the contaminated soil.  As a result, no hazardous substances would be treated or destroyed, and 

contaminated soil would remain in place. 

 

Alternative 1 would not satisfy the statutory preference for treatment to reduce risks posed by 

contaminated soil. 

 

Short-Term Effectiveness: Since no response actions other than long-term monitoring would occur, 

implementation of the no action alternative would not pose additional short-term risks to the local 

community, base personnel, or the environment.  Workers conducting long-term monitoring would be 

protected from contaminant-related risks by PPE and proper site safety procedures.  Potential risks from 

soil contamination would remain unabated.  None of the RAOs would be achieved. 

 

Implementability: This alternative would require no implementation other than completion of the 5-year 

reviews.  This activity would not require any permits, but it may require a minimal amount of coordination 

between regulatory agencies.  Implementation of the no action alternative would not limit future 

implementation of additional remedial actions at the site, if deemed necessary. 

 

Cost: A detailed estimate of capital, O&M, and present-worth costs for Alternative 1 is provided in 

Appendix F and is summarized below.  Present-worth costs were developed for a 30-year period at a 

3.9 percent discount rate. 
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Cost Description Estimated Cost 

Capital Costs $0 

O&M/Long-Term Monitoring $0 

5-Year Reviews $22,000/5 years 

Present Worth $70,000 

 

4.4.2  Soil Alternative 2: Removal, Ex situ Treatment, and Backfill 

 

Alternative 2 features the excavation of surface and subsurface soil exceeding PRG levels and on-site 

treatment of the soil using LTTS and soil washing.  LTTS would remove organic contamination from soil 

through thermal treatment, and soil washing would address the metals.  Off-gas controls would be 

necessary to capture organic constituents removed during thermal treatment.  Treated soil would be 

used as backfill.  Excavation would involve the removal of soil using a trackhoe or front-end loader, and 

excavated material would be loaded onto trucks and hauled to a centralized location on the site for 

treatment.  The excavation would be performed in stages, where a limited area would be excavated, the 

soil hauled to the treatment area, and the excavation backfilled.  This process would proceed from one 

side of the site to the other.  Runoff and erosion controls would be maintained around the active 

excavation area. 

 

All surface and subsurface soil exceeding PRGs in the vadose zone would be excavated.  The three soil 

mounds at the site built of soil/construction debris require excavation and removal in order to reach 

contaminated soil beneath the mounds.  The debris within the mounds is assumed to be acceptable for 

disposal as solid waste.  If confirmatory sampling finds that hazardous waste is present, all soil 

contaminated with hazardous waste, including soil below the vadose zone, would be removed. 

 

A Pre-Design Investigation (PDI) would be performed to gather information needed to complete the final 

remedial design.  The PDI would include sampling to better define the extent of contamination and the 

percent of debris expected in the excavation.  The PDI would also finalize the staging methods for 

performing the excavation and would define the post-excavation sampling plan. 

 

The anticipated staging of the project would be to set up the LTTS and soil washing systems initially on 

the baseball field at the site.  This area makes up approximately two acres, and is currently clear and 

level.  This would allow adequate space for separate stockpiles of untreated soil, makeup soil, and 

material to be shipped off site as well as stockpiles of soil brought out of the operation for reuse.  As 

stated above, contaminated soil would be brought to this area as the mounds are dismantled and 
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portions of the site are excavated.  Each of the treatment units is typically a mobile unit that could be 

brought to the site using one or more trucks. 

 

Excavation would begin on the eastern side of the site, and debris and soil would be placed in different 

stockpiles.  Excavations would be performed in sections to ensure that the treatment process is not 

backed up by large stockpiles.  As the excavated area progressed westward over the site, confirmation 

samples of the excavation would be taken and analyzed with field test kits or quick-turnaround lab testing 

to ensure complete removal of the contaminated soil.  Once confirmation was received, that portion of 

the excavation would be backfilled with treated soil in the “clean” stockpile.  Multiple stockpiles of treated 

soil would allow for treatment confirmation analyses to be processed on some piles while already-

confirmed piles are being used for backfill.  After the soil in and under the eastern half of the site has 

been treated and replaced, the soil treatment operation would be moved to the east side, and the soil 

under the ballfield would undergo the same process.     

 

Temporary office space would be set up in the parking areas at Building 144 on the south boundary of 

the site.  Decontamination facilities would be set up at access gates and within the treatment areas as 

needed. 

 

Because the excavation would extend to the top of the slope along the length of shoreline, a new 

revetment would be placed as part of site restoration to prevent erosion of the backfilled soil.  An 

engineered wave break and retaining wall would be constructed to prevent erosion of the treated soil at 

the site.  The retaining wall would be designed to absorb wave action rather than reflect it so that 

sediment scouring would not occur at the foot of the slope.  This structure would be designed in concert 

with any remedial actions to be conducted in the intertidal and subtidal area, as described in Section 6 of 

this report.  

 

Contaminated soil would be treated in an on-site treatment system consisting of LTTS and soil washing 

steps.  LTTS uses direct or indirect heating to thermally desorb or volatilize organic contaminants 

present in solids or soil.  The temperatures used are contaminant- and matrix-specific with a range of 

approximately 200 to 1,000ºF.  Typically, contaminated soil is processed through an externally fired pug 

mill or rotary drum system equipped with heat transfer surfaces that are heated by circulating hot oil, 

gases, or steam.  An induced air flow conveys the desorbed organics through a secondary treatment 

system, such as a carbon adsorption unit, combustion afterburner, or condenser unit.  The air stream is 

then discharged through a stack, and any water that is driven off is sent through carbon adsorption units. 

Residuals other than gas are soil, ash, and spent carbon. 
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Soil washing involves removal of contaminants by washing in an aqueous-based system.  The wash 

water may be augmented with a basic leaching agent, surfactant, pH adjustment, or chelating agent to 

help remove heavy metals.  Soil washing removes contaminants sorbed onto soil particles from soil by 

either dissolving or suspending them in the wash solution (which is later treated by conventional water 

treatment methods, such as in a POTW).  In the washing process, the soil is screened and then scrubbed 

to break up soil aggregates and liberate fines.  The surfaces of the coarse particles are "washed" by 

abrasive action and by desorption of contaminants upon contact with the washing solution. 

 

As the contaminants would be removed to concentrations below PRGs, long-term monitoring or 5-year 

reviews would not be required.  However, new monitoring wells would be installed (the existing wells 

would be destroyed during excavation) and sampled after remediation for trend comparison with pre-

remediation concentrations.  Long-term groundwater monitoring at the site would be conducted in 

accordance with the groundwater alternatives as described in Section 5 of this FS report. 

 

An analysis of this alternative with respect to the evaluation criteria is as follows: 

 

Overall Protection of Human Health and the Environment: Alternative 2 would provide high overall 

protection of human health and the environment because all contaminated soil exceeding PRGs would 

be excavated and treated.  The alternative provides protection against potential long-term direct 

exposures (dermal contact, incidental ingestion, and inhalation) to humans.  The potential to leach would 

be minimized, and any potential impact to groundwater due to leaching would be negligible.  Excavated 

soil would be treated to remove contaminants, and the treated soil would be used as backfill. 

 

There would be increased short-term risks to on-site workers from potential exposures to contaminated 

soil during implementation because of the magnitude of excavation and treatment involved.  These risks 

would be minimized through the use of engineering controls and proper PPE. 

 

Once the contaminated materials have been removed and the area backfilled with treated soil, no long-

term soil management measures would be required.  There would be no soil restrictions limiting future 

activities at the property provided all the soil risks have been addressed.  However, other restrictions on 

groundwater and sediment use may still exist as described in Sections 5 and 6 of this report. 

 

Compliance with ARARs: Tables 4-6, 4-7, and 4-8 summarize chemical-, location-, and action-specific 

ARARs and TBCs, respectively, for Alternative 2.  This alternative would comply with chemical-specific 

ARARs because organic and inorganic contaminants would be reduced to acceptable concentrations in 

the treated soil.  Alternative 2 would comply with the RIDEM requirements for both direct contact and the 

leachability criteria. 
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Implementation of Alternative 2 would meet state and federal location-specific ARARs by conducting the 

activities in accordance with applicable and relevant and appropriate floodplain, wetland, coastal 

resource management, endangered species, fish and wildlife protection, and historic preservation 

regulations and by coordinating with appropriate agencies to find ways to minimize adverse effects to 

fish, wildlife, endangered species, and historic sites. 

 

Action-specific ARARs would be met by designing and implementing the alternative in accordance with 

federal and state waste treatment standards and Clean Air Act (CAA) requirements.  Disposal of waste 

liquids from the soil washing operation would be done in accordance with applicable local, state, and 

federal regulations. 

 

Long-Term Effectiveness and Permanence: Excavating and treating the soil would provide long-term 

effectiveness and permanence.  The pilot study would assure effectiveness of the treatment process and 

the variables within it.  The LTTS process would reduce organic concentrations to meet PRGs, and soil 

washing would remove inorganic concentrations to meet PRGs.  This alternative would not require long-

term management because contaminants above PRGs would be removed from the soil. 

 

LTTS would be effective at removing the organic COCs from the contaminated soil.  The removal 

efficiency would be dependent on the temperature employed, the volatility (boiling point) of the chemical, 

and the soil matrix.  As temperature increases, removal efficiency also increases.  The off-gas treatment 

system would then capture or destroy the contaminants.  Inorganics would be removed by the soil 

washing treatment, and the desired removal would be achievable by adjusting the pH of the wash 

solution.  The effectiveness of the alternative can be monitored through sampling and analysis of the 

excavation boundaries and the treated soil. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment: Alternative 2 would reduce the toxicity, 

mobility, and volume of organic and inorganic contaminants through removal and treatment of 

contaminated soil.  The degree of toxicity and volume reductions would depend on the soil matrix and 

the treatment system parameters.  A small amount of LTTS vapor treatment system and soil washing 

system residual material (spent carbon and liquid waste) may require treatment or off-site disposal. 

 

Short-Term Effectiveness 

 

The short-term risk to workers, base personnel, and the public during implementation of Alternative 2 

would be controllable and would primarily result from the excavation and handling of the contaminated 

soil during the treatment processes.  PPE, at a level commensurate with the contaminants involved, 

would be required during excavation and treatment operations.  The risk to the environment from fugitive 
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emissions and erosion would be greatest during excavation activities and would diminish with time during 

the treatment processes.  Air monitoring conducted during construction activities would indicate the need 

for any additional measures to address the short-term risks.  The time required to reach the remedial 

action objectives is estimated at 6 to 8 months. 

 

Implementability: Alternative 2 is implementable because soil excavation using a trackhoe is a standard 

construction practice.  LTTS and soil washing are also implementable.  LTTS would be reliable in 

meeting PRGs; however, the reliability of soil washing would be moderate, and soils may require more 

than one pass through the equipment to meet PRGs.  Numerous vendors are available to design, 

construct, and operate the components of this alternative.  Future remedial actions, if required, at 

OFFTA would be easily implementable through additional excavation and treatment. Due to the 

availability and proven history for the LTTS and soil washing technologies, bench scale or pilot tests are 

not anticipated for this alternative. 

 

Disposal permit requirements may need to be met to dispose of liquid waste from the soil washing 

system and spent carbon from the LTTS system. Any required permits are expected to be obtainable. 

 

O&M activities for this alternative would be relatively intensive but only during the period of remediation 

when the treatment equipment is operating.  Qualified O&M personnel would be required to maintain the 

components of this alternative to assure reliability.  The LTTS and soil washing units would require 

monitoring, adjustments, and periodic maintenance.  The maintenance schedule would be as 

recommended by the equipment manufacturer and existing legal requirements or as dictated by desired 

flow rates and system adjustments. 

 

Cost: A detailed estimate of capital, O&M, and present-worth costs for Alternative 2 is provided in 

Appendix F and is summarized below.  Present-worth costs were developed for a 30-year period at a 

3.9 percent discount rate.  A cost sensitivity analysis based on the amount of soil excavated is also 

included in Appendix F. 

 

Cost Description Estimated Cost 

Capital Costs $14,174,000 

O&M/Long-Term Monitoring $0 

5-Year Reviews $22,000 (year 5 only) 

Present Worth $14,192,000 
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4.4.3  Soil Alternative 3: Removal and Disposal 

 

Alternative 3 would eliminate long-term management by removing the contaminated soil exceeding 

PRGs from the site.  This alternative would offer aggressive remediation through excavation and 

transportation of contaminated soil to a TSDF or appropriate, permitted disposal facility. 

 

Excavation would involve the removal of soil and debris using a trackhoe or front-end loader, and 

excavated material would be loaded onto trucks and hauled to an appropriate disposal facility.  

Backfilling would involve placement of clean fill in the excavated areas followed by contouring to the 

desired grade. The excavation would be performed in stages, where a limited area would be excavated, 

direct-loaded into trucks, and the excavation backfilled.  This process would proceed from one side of the 

site to the other.  Runoff and erosion controls would be maintained around the active excavation area.  

The three soil mounds at the site built of soil/construction debris require excavation and removal in order 

to reach contaminated soil beneath the mounds.  The debris within the mounds is assumed to be non-

contaminated and therefore would be disposed of as solid waste.  However, if hazardous waste is 

identified in the mounds, the debris would be tested and decontaminated according to applicable federal 

and state standards before it is disposed. 

 

Soil and debris would be tested prior to disposal to determine the appropriate disposal facility.  Much of 

the material can be disposed of in a RCRA Subtitle D landfill, such as a municipal landfill.  If hazardous 

waste is identified before disposal, confirmatory sampling would be conducted in the area where the 

waste was removed to ensure that all soil contaminated with hazardous waste, including soil below the 

vadose zone, is removed.  The remaining material that is considered hazardous would go to a RCRA 

Subtitle C TSDF.  TSDFs are controlled by regulations contained in, but not limited to, 40 CFR 264 and 

265.  It is not practical to select a specified TSDF or transporter at this time; however, potential TSDFs 

are available in neighboring states (e.g., Model City, New York).  Excavated material would be piled into 

several piles, and uncontaminated debris (e.g., from the mounds) and contaminated (but non-hazardous) 

soil would be transported to a landfill.  The hazardous soil, assumed to be approximately 10 percent of 

the total soil volume, would be transported to a TSDF.  The landfills, TSDFs, and transporters would be 

selected during the remedial design phase of the remediation program from an EPA- and RIDEM-

approved list of vendors. 

 

A PDI would be performed to gather information needed to complete the final remedial design.  The PDI 

would including sampling to better define the extent of contamination and the percent of debris expected 

in the excavation.  The PDI would also finalize the staging methods for performing the excavation and 

would define the post-excavation sampling plan. 
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The anticipated staging of the project would be to begin excavation on the eastern side of the site.  As 

the excavated area progressed westward over the site, confirmation samples of the excavation would be 

taken and analyzed with field test kits or quick-turnaround lab testing to ensure complete removal of the 

contaminated soil.  Once confirmation was received, that portion of the excavation would be backfilled 

with clean fill.  Excavation would continue westward until it complete.  Because the excavation will 

extend to the top of the slope along the length of shoreline, a new revetment will be placed as part of site 

restoration to prevent erosion of the backfilled soil.  An engineered wave break and retaining wall would 

be constructed to prevent erosion of the new soil at the site.  The retaining wall would be designed to 

absorb wave action rather than reflect it so that sediment scouring would not occur at the foot of the 

slope.  This structure would be designed in concert with any remedial actions to be conducted in the 

intertidal and subtidal area, as described in Section 6 of this report.  

 

As the contaminants would be removed to concentrations below PRGs, long-term monitoring or 5-year 

reviews would not be required as a part of the soil alternative.  However, long-term monitoring and 5-

year reviews may be necessary for groundwater and sediments, as discussed in Sections 5 and 6 of this 

report. 

 

An analysis of this alternative with respect to the evaluation criteria is as follows: 

 

Overall Protection of Human Health and the Environment: Alternative 3 would provide high overall 

protection of human health and the environment because all contaminated soil exceeding PRGs would 

be excavated and removed from the site.  The alternative provides protection against potential long-term 

direct exposures (dermal contact, incidental ingestion, and inhalation) to humans.  The potential to leach 

would be minimized, and any potential impact to groundwater due to leaching would be negligible. 

Excavated soil would be disposed of at a TSDF or appropriate disposal facility, and clean soil would be 

used as backfill. 

 

There would be increased short-term risks to on-site workers from potential exposures to contaminated 

soil during implementation because of the magnitude of excavation involved.  These risks would be 

minimized through the use of engineering controls and proper PPE. 

 

Once the contaminated materials have been removed and the area backfilled with clean soil, no long-

term soil management measures would be required.  There would be no restrictions owing to 

contaminated soil that would limit future activities at the property as long as all soil risks are addressed.  

However, continued groundwater and sediment restrictions may be retained, as described in Sections 5 

and 6 of this report. 
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Compliance with ARARs: Tables 4-9, 4-10, and 4-11 summarize chemical-, location-, and action-specific 

ARARs and TBCs, respectively, for Alternative 3.  This alternative would comply with chemical-specific 

ARARs because organic and inorganic contaminants above PRGs would be removed from the site. 

Alternative 3 would comply with the RIDEM requirements for both direct contact and the leachability 

criteria. 

 

Implementation of Alternative 3 would meet state and federal location-specific ARARs by conducting the 

activities in accordance with applicable and relevant and appropriate floodplain, wetland, coastal 

resource management, endangered species, fish and wildlife protection, and historic preservation 

regulations and by coordinating with appropriate agencies to find ways to minimize adverse effects to 

fish, wildlife, endangered species, and historic sites. 

 

Action-specific ARARs would be met by monitoring and use of controls to minimize emissions during soil 

excavation and by disposing of excavated materials at a TSDF or appropriate, permitted facility. 

 

Long-Term Effectiveness and Permanence: Excavating and disposing of the contaminated soil would 

provide long-term effectiveness at the site.  Although removal of contaminated soil provides a 

permanent solution at the site, the contaminated soil may need to be effectively treated at the TSDF to 

provide permanent destruction or immobilization of contaminants.  Only a small fraction of soil is 

expected to need treatment at the TSDF.  The effectiveness of the remedial action would be monitored 

through sampling and analysis of excavation boundaries.  This alternative would reduce the residual risk 

at the site and would not require long-term management or monitoring. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment: Alternative 3 would not reduce mobility, 

toxicity, or volume of organic and inorganic contaminants through treatment.  Some treatment of the soil 

could occur at an off-site TSDF, if required. 

 

Short-Term Effectiveness: The short-term risk to workers, base personnel, and the public during 

implementation of Alternative 3 would be minimal and controllable and would primarily result from 

excavation and transportation activities.  PPE, at a level commensurate with the contaminants involved, 

would be required during excavation.  The risk to the environment would be greatest during excavation 

as a result of fugitive emissions.  Air monitoring conducted during construction activities would indicate 

the need for any additional measures to address the short-term risks.  Truck traffic would be increased 

across the bridge at Gate 1 and through the local area during the period of activity at the site.  As many 

as 80 truckloads per day could be required if all soils were shipped off site and replaced.  The time 

required to reach the RAOs is estimated at 4 to 6 months. 
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Implementability: Alternative 3 would be readily implementable, reliable, and available.  Numerous 

vendors are available to provide earthmoving and transfer equipment and disposal services.  Future 

remedial actions, if required, would be easily implementable at OFFTA through additional excavation 

activities. 

 

Federal, state, and local permits may be required for the implementation of the alternative and are 

expected to be obtainable. 

 

O&M requirements for this alternative are considered average and would consist of maintaining the 

earthmoving equipment during the excavation phase of the alternative.  The maintenance schedule 

would be as recommended by the equipment manufacturer. 

 

Cost: A detailed estimate of capital, O&M, and present-worth costs for Alternative 3 is provided in 

Appendix F and is summarized below.  Present-worth costs were developed for a 30-year period at a 

3.9 percent discount rate.  A cost sensitivity analysis based on the amount of soil excavated is also 

included in Appendix F. 

 

Cost Description Estimated Cost 

Capital Costs $9,733,000 
O&M/Long-Term Monitoring $0 
5-Year Reviews $22,000 (year 5 only) 
Present Worth $9,751,000 

 

4.5  COMPARATIVE ANALYSIS OF SOIL ALTERNATIVES 

 

The soil remedial alternatives were individually assessed using the CERCLA criteria (EPA, 1988) in 

Section 4.4.  This section contains a comparative analysis evaluating the relative merits of the soil 

alternatives in relation to each of the criteria.  The purpose of the comparison is to provide a means of 

qualitatively ranking various alternatives to reveal the strengths and weaknesses of each.  This 

comparative analysis focuses on the key differences between the alternatives and attempts to highlight 

critical issues of concern to the decision maker selecting the preferred remedial action.  This analysis 

focuses on differences between alternatives with respect to the primary balancing criteria. 

 

The main objectives for the preferred remedial action are to be protective of human health and the 

environment and to comply with ARARs, which are considered threshold criteria.  For an alternative to be 

considered as final, these two threshold criteria must be met.  The no action alternative has been 

removed from further analysis because the alternative does not meet the two threshold criteria.  This 

alternative is shown in the summary table for comparison purposes but is not discussed in the text.  The 
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following five criteria are the balancing criteria:  (1) long-term effectiveness and permanence; (2) 

reduction of toxicity, mobility, or volume through treatment; (3) short-term effectiveness; (4) 

implementability; and (5) cost.  The balancing criteria require the most discussion in this section because 

the major differences between alternatives frequently relate to one or more of these five criteria.  Final 

comments addressing regulatory acceptance and community acceptance will be included in the ROD. 

 

The comparative analysis for soil alternatives evaluates the relative performance of the alternatives in 

relation to each specific evaluation criterion and to the specific conditions representative of OFFTA, 

which contains widespread surface and subsurface contamination across the site.  This approach is in 

contrast to that of the preceding detailed analyses in which each alternative was analyzed independently, 

without consideration of the others.  A summary of the comparative analysis and costs for the soil 

alternatives is presented in Table 4-12. 

 

Two alternatives are compared in this section:  Alternative 2, which includes soil excavation, treatment of 

organic contamination by LTTS, removal of inorganic contamination by soil washing, and backfilling with 

clean processed soil; and Alternative 3, which includes soil excavation, disposal at a TSDF or an 

appropriate landfill, and backfilling with clean soil.  Alternative 1 is not included in the comparison 

because it consists of no action. 

 

Overall Protection of Human Health and the Environment: Alternatives 2 and 3 would both provide a 

high level of overall protection because of the source-removal action.  Both alternatives would address 

the potential exposure pathways to protect human health and environment and would eliminate sources 

of contamination by removal.  Neither alternative would require long-term monitoring as long as there is 

no remaining risk posed by contaminated soils below the vadose zone (such as to construction workers) 

that would require long-term monitoring.  Both alternatives would provide high levels of protection over 

time because they both would involve excavation of contaminated soil; however, the exposure risk would 

be somewhat greater for Alternative 2 because of the on-site treatment and potential for fugitive air 

emissions.  Additionally, residual contaminants below PRGs may remain in the treated backfilled soil 

under Alternative 2. 

 

Compliance with Applicable or Relevant and Appropriate Requirements: The treatment steps in 

Alternative 2 would meet chemical-specific ARARs, and the excavation and removal of soil to a disposal 

facility in Alternative 3 would meet chemical-specific ARARs. 

 

Implementation of either alternative would meet state and federal location-specific ARARs by conducting 

the activities in accordance with applicable and relevant and appropriate floodplain, wetland, coastal 

resource management, endangered species, fish and wildlife protection, and historic preservation 



 

W5201240F 4-24 CTO 833 

regulations and by coordinating with appropriate agencies to find ways to minimize adverse effects to 

fish, wildlife, endangered species, and historic sites. 

 

The selected remedy must comply with the ARARs presented in Tables 2-1 through 2-3 that are specific 

to the alternative.  Both Alternatives 2 and 3 would meet all identified ARARs. 

 

Long-Term Effectiveness and Permanence: Both alternatives would provide long-term effectiveness and 

permanence because the contaminated material would be excavated for treatment or disposal.  There 

would be some risk that a portion of the contaminated material exceeding PRGs would not be excavated 

during the implementation of the alternatives, but proper monitoring should reduce or eliminate this risk.  

The residual risk for both alternatives would be negligible.  Alternative 3 would not generate any 

treatment residuals, whereas Alternative 2 would require some effort in residual management for the 

short term.  Lack of proper monitoring in Alternative 2 could also result in release of residuals into the 

atmosphere.  Both alternatives are considered reliable. 

 

Neither alternative would require 5-year reviews to monitor the effectiveness of the remediation because 

there would be no contaminants exceeding PRGs left at the site.  Alternative 2 would require adequate 

controls and reliable methods for residual management, while Alternative 3 would not require such 

controls because no residuals would be generated on site. 

 

Reduction of Toxicity, Mobility, or Volume Through Treatment: Both alternatives would remove 

approximately 48,500 cy of contaminated soil and debris from OFFTA.  Alternative 2 would be 

considered permanent, and Alternative 3 would be permanent for the site, but permanent destruction or 

immobilization of contaminants would depend on the amount and type of treatment considered at the 

TSDF.  Only a minimal volume of soil is expected to require treatment prior to disposal at a TSDF. 

Alternative 2 would reduce contaminant toxicity, mobility, and volume through treatment, while 

Alternative 3 would not.  Alternative 3 would generate no residuals whereas Alternative 2 would generate 

a small quantity of spent activated carbon and spent wash liquids.  These residuals would be disposed of 

following applicable local, state, and federal regulations.  The treatment in Alternative 2 would meet the 

statutory preference for treatment. 

 

Short-Term Effectiveness: Alternatives 2 and 3 would both involve excavation, which would increase the 

exposure risk to the workers, community, and environment.  Further, Alternative 2 would involve on-site 

treatment adding additional exposure risks.  On-site short-term risks for both alternatives should be 

effectively managed through use of proper health and safety practices and engineering controls during 

excavation.  Alternative 3, which transports a significant amount of material off and onto the site, would 

adversely impact the community because of additional truck traffic, noise, and vehicle emissions.  
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Controls would not do much to mitigate this impact.  Alternative 2 would reach remedial objectives in 

about 6-8 months and Alternative 3 in 4-6 months. 

 

Implementability: Alternative 2 would be less implementable than Alternative 3 because of the 

complexity of the treatment.  The excavation portion of these alternatives would involve common 

technology, and well-maintained equipment would be very reliable.  Future actions would be easy to 

undertake.  The LTTS step in Alternative 2 would be reliable; however, improper functioning of the 

equipment might leave some of the contaminated soil untreated or partially treated.  The reliability of soil 

washing would be moderate.  Pilot tests and optimization of operating conditions would be required for 

Alternative 2 before the alternative could be implemented.  Monitoring requirements for Alternative 3 

would be limited to determining the extent of the excavation, with a failure of the monitoring system 

potentially allowing some contaminated material to remain in place.  The LTTS and soil washing 

technologies in Alternative 2 would be reliable, and the monitoring requirements would include off-gas 

monitoring, wash solution concentrations, and sampling of treated soil as well as determining the extent 

of the excavation.  Failure in the monitoring system, however, could allow uncontrolled air emissions and 

backfilling with untreated or partially treated soil.  Contractors, equipment, operators, and disposal 

facilities are readily available for both alternatives.  The large soil volumes involved would necessitate 

intensified management and O&M.  An adequate number of contractors with equipment and experience 

are available for implementing both alternatives.  TSDFs and disposal facilities are available for the 

disposal of soil in Alternative 3.  Both alternatives may require federal, state, and base permits for 

transportation off site.  The permits are readily obtainable. 

 

Cost: Capital, O&M, present worth costs for the three soil alternatives are summarized as follows: 

 

Costs Alternative 1 
No Action 

Alternative 2 
Removal, Ex situ 
Treatment, and 

Backfill 

Alternative 3 
Removal and 

Disposal 

Capital $0 $14,174,000 $9,733,000 

O&M/Long-Term Monitoring $0 $0 $0 

5-Year Reviews $22,000/5 year $22,000 (year 5 only) $22,000 (year 5 only) 

PRESENT WORTH  $70,000 $14,192,000 $9,751,000 

 

Alternative 3 would provide lower cost of present worth compared to Alternative 2.  The higher costs are 

associated with the treatment steps involved in Alternative 2.  Table 4-12 provides the capital, O&M, and 

total present worth project costs for each alternative. 
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5.0 DEVELOPMENT AND SCREENING OF ALTERNATIVES 
FOR GROUNDWATER 

 

Development and screening of alternatives is conducted to assemble an appropriate range of remedial 

options to achieve the site RAOs for groundwater.  Remedial technologies retained for further 

consideration in Section 3.0 are combined to form remedial alternatives.  Detailed evaluation of these 

alternatives is performed subsequently. 

 

The alternatives are developed to comply with regulatory criteria applicable to the site conditions and the 

media of concern, as directed by the regulations and guidance presented in Section 2.0. 

 

The remedial alternatives developed for the groundwater of the OFFTA site are summarized in Table 5-1.  

Figure 2-4 depicts the contaminated areas of groundwater at the site.  COCs impacting the groundwater 

include benzene, 2-methylnaphthalene, naphthalene, lead, and manganese.  Descriptions of each of the 

alternatives are provided in the following section. 

 

5.1  RATIONALE FOR DEVELOPMENT OF ALTERNATIVES 

 

In selecting remedial options, GRAs and process options chosen to be representative of the various 

technology types (see Section 3.0) are combined to form remedial alternatives to allow for future remedy 

selection.  The alternatives are developed to address a range of risk reduction measures, future land use 

restrictions, and exposure scenarios.  Alternatives are also developed that achieve compliance with 

ARARs and PRGs.  Under limited circumstances, waivers may be required if ARARs cannot be satisfied. 

 

The remedial alternatives developed to address groundwater contamination consist of combinations of no 

action, institutional controls, long-term monitoring, extraction, and treatment.  The purpose of each 

remedial alternative is to prevent migration of and control contact with the contaminated media.  A small 

range of remedial alternatives from no action to extraction and treatment of impacted groundwater is 

considered for detailed evaluation. 

 

Three remedial alternatives have been developed for addressing contamination in the groundwater at 

OFFTA. 

 

Groundwater Alternative 1: No Action 

Groundwater Alternative 2: Limited Action (Use Restrictions/Long-Term Monitoring) 

Groundwater Alternative 3: Extraction and Ex Situ Treatment 
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5.2  DESCRIPTION OF ALTERNATIVES 

 

The alternatives were developed to address groundwater that poses potential risks to humans.  As 

discussed previously, the volume of groundwater requiring remediation is approximately 6.4 million 

gallons (pore volume) across the extent of the OFFTA site, with an average saturated thickness of the 

overburden aquifer of about 15 feet.  The Groundwater Risk Evaluation identified the groundwater as 

posing risks to human health, and benzene, 2-methylnaphthalene, naphthalene, lead, and manganese 

have been identified as COCs.  PRGs were calculated based on use of the groundwater as a drinking 

water source, though it is an implausible scenario due to the salinity of the water, the presence of a city 

water supply, and the classification of the groundwater as a GB aquifer.  The monitoring wells with 

samples exceeding calculated PRGs are shown on Figure 2-4. 

 

5.2.1  Groundwater Alternative 1: No Action 

 

The No Action alternative, as required under the NCP, would involve no remedial response activities and 

would provide no additional protection of human health or the environment.  However, it would provide a 

baseline for comparison to other alternatives.  Since contamination would remain and unrestricted future 

use of the site would be allowed, 5-year reviews of the no action decision would be required. 

 

Under this alternative no remedial actions would be performed, no measures would be implemented to 

restrict access to the OFFTA site, and no actions would be taken to warn people of the hazards.  Natural 

attenuation might eventually reduce low concentrations of chemicals in groundwater to acceptable levels, 

but the progress of attenuation would not be monitored or evaluated. 

 

5.2.2  Groundwater Alternative 2: Limited Action 

 

Alternative 2 is a limited action alternative.  Exposure to groundwater contaminants would be prevented 

through groundwater use restrictions.  Groundwater monitoring would provide information on the 

continuing quality of the groundwater to assure that the aquifer is flushing and not further degraded.  

Elements of Alternative 2 would include: 

 

•  Groundwater use restrictions 

•  Long-term monitoring of use restrictions 

•  Long-term monitoring of groundwater 

•  Five-year reviews 
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Use restrictions are rules, directives, policies, and other measures (e.g., preventing the usage of 

groundwater, preventing the installation of new wells, and requiring the posting of signs) adopted by the 

appropriate authorities in a manner consistent with applicable Federal, state, and local laws.  Land use at 

OFFTA will potentially be residential or recreational in the future, and groundwater use controls would be 

implemented as an Environmental Land Use Restriction (ELUR) to ensure that access to the groundwater 

is restricted (e.g., restrictions on groundwater wells) and to ensure protection of workers performing future 

site development work.  These restrictions would be long-term to prevent construction of any new drinking 

water wells.   The process by which the Navy establishes environmental land use restrictions is provided 

in Section 3.2.2. 

 

Monitoring consists of ensuring the ELUR remains in place and periodic sampling and analysis of 

monitoring wells to assess contaminant concentrations in groundwater. Monitoring of the 13 wells on the 

OFFTA site would occur for 30 years (on a yearly basis for years 1-5 and every five years thereafter) 

analyzing for all the COCs (organics and metals).  Depending if one of the removal alternatives is 

selected for the OFFTA soils, the existing monitoring wells may be destroyed during the soil remedial 

action.  In that case, replacement wells could be installed in the same locations as the existing wells or be 

placed in a new configuration.  For evaluation in the FS, it is assumed that 13 wells in the existing 

locations would be monitored. 

 

Five-year site reviews would consist of evaluating the monitoring data for effectiveness of the remedial 

response and use restrictions. 

 

5.2.3  Groundwater Alternative 3: Extraction and Ex Situ Treatment 

 

Alternative 3 would offer active remediation through removal of contaminants from the groundwater by 

extraction and treatment.  The impacted area to be addressed corresponds to the areal extent discussed 

in Section 2.  To confirm the current conditions at site and fully delineate the extent of contamination, a 

confirmatory investigation would be performed at OFFTA, and the action based on extraction and 

treatment of groundwater would be implemented if the sampling still indicates the presence of 

contamination.  Elements of Alternative 3 would include: 

 

•  Pre-design investigation to determine the current extent of groundwater contamination 

•  Installation of eight groundwater extraction wells 

•  Installation of a groundwater treatment system consisting of ion exchange and liquid-phase GAC 

•  Discharge of treated water to the POTW 

•  Long-term groundwater monitoring 

•  5-Year reviews 
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The extraction of groundwater would be performed using eight new groundwater extraction wells located 

along the northern perimeter of the OFFTA site parallel to Narragansett Bay.  The wells would be located 

approximately 40 feet on the inland side of the top of the bank to prevent excessive withdrawal of water 

from the bay.  A pumping rate of 1.3 gallons per minute (gpm) at each well was estimated and should 

provide a steady-state capture zone sufficient to control a groundwater plume that covers the majority of 

the OFFTA site.  The pumped groundwater would be piped to a centralized location on the OFFTA site 

where the water would be treated.  The extracted groundwater would be passed through a metals 

treatment system (ion exchange) and a GAC adsorption system, and discharged to the local POTW 

under a National Pollutant Discharge Elimination System (NPDES) discharge permit. 

 

Monitoring would involve periodic inspection of collection and treatment systems, monitoring the progress 

of remediation by sampling and analysis of groundwater (quarterly for years 1-5 and annually for years 6-

30), and monitoring the effluent from the system to track the efficiency of treatment. 

 

Five-year site reviews would consist of evaluating the monitoring data for effectiveness of the remedial 

action and groundwater use restrictions. 

 

5.3  DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 

 

The detailed analysis of alternatives provides relevant information to support the future selection of a 

remedial action.  Each alternative is more fully developed and further evaluated according to a prescribed 

set of criteria.  The evaluation results are used to compare alternatives and identify key tradeoffs between 

the options, as well as to provide a basis for regulatory agency and public review of potential remediation 

alternatives for the site. 

 

5.4  CRITERIA FOR DETAILED ANALYSIS 

 

In accordance with the NCP and CERCLA guidance, the detailed analysis of alternatives was conducted 

in accordance with nine evaluation criteria.  These criteria are divided into three groups: threshold criteria 

related to statutory requirements; balancing criteria that are technical in nature; and modifying criteria that 

are formally assessed following a public review and comment period.  The aspects of each criterion with 

respect groundwater are presented as following: 

 

Overall Protection of Human Health and the Environment: The primary concern, and one of the statutory 

requirements in remedy selection, is the overall protection of human health and the environment.  The 

evaluation of protection is based on the ability of the remedy to eliminate, reduce, or control current and 

potential future exposure risks to human and ecological receptors through each applicable exposure 
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pathway. This protection may be in the form of treatment, engineering controls, and/or institutional 

controls.  The overall assessment of protection draws on assessments conducted under other evaluation 

criteria, especially long-term effectiveness and permanence, short-term effectiveness, and compliance 

with ARARs.  Furthermore, evaluation of protection considers short-term risks or cross-media impacts 

posed by implementation of a remedy. 

 

This criterion will be used to evaluate the effectiveness of each alternative in eliminating, reducing, or 

controlling human health and environmental risks at the site from contact with groundwater. 

 

Compliance with ARARs: Compliance with ARARs is one of the statutory requirements for selection of a 

remedy.  This evaluation criterion is used to determine whether each alternative will meet all of its 

respective ARARs or whether justification exists for one of the six ARAR waivers allowed under CERCLA.  

Chemical-, location-, and action-specific ARARs are reviewed as they apply to each alternative.  

Alternatives are refined, as necessary, to ensure compliance with these requirements. 

 

This criterion will be used to evaluate each alternative in complying with chemical-, location-, and action-

specific federal and state ARARs and TBCs for protection of human health and the environment. 

 

Long-Term Effectiveness and Permanence: Alternatives are assessed in terms of their long-term 

effectiveness and degree of permanence in offering protection of human health and the environment 

following implementation.  The evaluation focuses on the extent and effectiveness of controls required to 

manage risks remaining on the site following completion of the remedial action.  The analysis considers 

the magnitude of risks to human and ecological receptors from residuals (untreated waste or treatment 

by-products) remaining on site at the completion of remedial activities, the adequacy of engineering 

and/or institutional controls to manage residuals, the reliability of the controls to provide continued 

protection from residuals, and potential needs to maintain and/or replace technical components of an 

alternative. 

 

This criterion will be used to evaluate each alternative for its ability to manage risks remaining on site 

following implementation.  The no action, limited action, and treatment alternatives will be evaluated 

based on future risks associated with possible groundwater exposures made possible through installation 

of drinking water supply wells. Evaluation of alternatives will further address potential risks associated 

with residuals following groundwater treatment. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment: Alternatives are evaluated to address the 

statutory preference for remedies that employ treatment as a principal element to reduce toxicity, mobility, 

or volume of hazardous substances.  The evaluation focuses on the following factors: 
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•  Treatment processes employed by the remedy, as well as the materials they will treat. 

•  Amount of hazardous materials to be destroyed or treated. 

•  Degree of expected reduction in toxicity, mobility, or volume, including how the principal 

threats will be addressed. 

•  Degree to which the treatment will be irreversible. 

•  Type and quantity of treatment residuals that remain following treatment. 

•  Whether the alternative satisfies the statutory preference for treatment as a principal element. 

 

This criterion will be used to evaluate the effectiveness of alternatives for their ability to reduce mobility 

and/or their effectiveness in reducing risks through natural attenuation processes or removal with off-site 

disposal. 

  

Short-Term Effectiveness: The short-term effectiveness criterion assesses potential effects to human 

health and the environment during the construction and implementation phase of a remedy until remedial 

response objectives are met.  The analysis includes considering protection of both the community and on-

site workers during remedial activities, environmental impacts that may result from construction or 

implementation activities, the reliability of measures to be taken to prevent or reduce potential impacts, 

and an estimation of time required to meet remedial response objectives. 

 

This criterion will be used to evaluate each alternative for its ability to protect human health and the 

environment during implementation, as well as during any associated long-term monitoring activities. 

While the no action alternatives require no implementation activities, limited action alternatives will be 

evaluated for the protection they offer during implementation of institutional controls, access restrictions, 

and long-term monitoring.  Evaluation of the treatment alternative will address treatment and disposal 

activities.  The time required for each alternative to reach the groundwater cleanup goals will also be 

assessed. 

 

Implementability: Implementability considerations include the technical and administrative feasibility of 

implementing an alternative, as well as the availability of goods and services on which the viability of the 

alternative depends.  These considerations often affect the timeliness of undertaking an alternative. 

   

Technical feasibility issues include: 

 

•  Ability to construct and operate an alternative as a whole 

•  Likelihood of a technology to meet specified process efficiencies and performance goals 

•  Ease of undertaking any required future remedial actions  
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•  Ability to monitor the effectiveness of the remedy 

 

Administrative feasibility deals with the activities needed and time required to coordinate with various 

federal, state, and local agencies in obtaining any necessary approvals and permits for off-site activities. 

 

Issues related to the availability of goods and services include: 

 

•  Accessibility of adequate capacity and location of needed treatment, storage, and disposal 

services. 

•  Ease in obtaining necessary equipment and specialists, and provisions to ensure any 

additional resources. 

•  Timing and availability of technologies under consideration. 

•  Availability of services and materials, plus the potential for obtaining competitive bids. 

  

These issues will be reviewed to evaluate the implementability of each remedial alternative.  Issues will 

also be evaluated for both the ease of implementation and associated time frame required to coordinate 

subcontractors, activities, and required regulatory approvals. 

 

Cost: This criterion encompasses all capital outlays, as well as O&M costs incurred over the lifetime of the 

remedial action.  The detailed analysis of costs associated with each alternative will be based on accurate 

cost estimates and a net present worth cost analysis for a 30-year performance period.  The 30-year 

period is evaluated for consistency even though not all the alternatives have a 30-year life. 

 

State Acceptance: State acceptance, an ongoing concern throughout the remedial process, reflects the 

statutory requirement to provide for substantial and meaningful state involvement.  State acceptance 

must be considered during remedy selection. 

 

This criterion will not be evaluated until EPA and RIDEM have reviewed and provided comments on the 

FS report.  Therefore, this criterion will not be included in the detailed analysis. 

 

Community Acceptance: Community acceptance refers to the issues and concerns of “all interested 

parties,” as they relate to each of the alternatives under consideration.  Community acceptance must be 

considered during remedy selection. 

 

This criterion will not be evaluated until the Restoration Advisory Board (RAB) has reviewed and provided 

comments on the FS report and the public has been invited to ask questions and share their concerns 

during the public comment period.  Therefore, this criterion will not be included in the detailed analysis. 
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5.5  INDIVIDUAL ANALYSES OF GROUNDWATER ALTERNATIVES 

 

Three remedial alternatives were developed for the groundwater to address risks to human health and the 

environment associated with contaminants in the groundwater.  Sections 5.2.1 through 5.2.3 contain brief 

descriptions of each alternative and describe the individual analyses of these alternatives.  A summary of 

the analyses is presented in Table 5-2. 

 

5.5.1  Groundwater Alternative 1: No Action 

 

Consideration of a no action alternative is required under the NCP.  At a minimum, it provides a baseline 

against which other alternatives may be compared.  No containment, extraction, or treatment of 

groundwater contaminants would be conducted.  No groundwater monitoring would occur, and there 

would be no restrictions on future groundwater use.  The only activities to be conducted under 

Alternative 1 would be review of site conditions and risks every 5 years. 

 

An analysis of this alternative with respect to the evaluation criteria is as follows: 

 

Overall Protection of Human Health and the Environment: The no action alternative would not provide 

long-term protection of human health and the environment and would not facilitate unrestricted 

groundwater use at the site.  Alternative 1 would not achieve RAOs for the protection of human health or 

the environment, and several organic and inorganic contaminants would still exist at the OFFTA site at 

concentrations exceeding PRG levels until natural flushing of those contaminants occurred.  

Contaminants in the groundwater would pose unacceptable risks to human health if it were ever used for 

household use. 

 

Because contaminants would remain at the site, 5-year reviews would be conducted, as required by 

CERCLA, to assess changing conditions and potential risks.  Once the 5-year review results have been 

evaluated, and if contaminant migration is deemed to pose human health or environmental risks, then 

additional response actions may be warranted. 

 

Compliance with ARARs: Tables 5-3, 5-4, and 5-5 summarize chemical-, location-, and action-specific 

ARARs and TBCs, respectively, for Alternative 1.  This alternative fails to meet ARARs because it does 

not address groundwater exceeding PRGs that have been derived from state and federal regulations.  

Since no action is to be taken under this alternative, there are no state or federal location-specific or 

action-specific ARARs or TBCs. 
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Long-Term Effectiveness and Permanence: Since no remedial actions would occur under Alternative 1, 

the future threats to human health and the environment could remain.  Potential contaminant migration 

pathways would not be known, and organic and metal contaminants remaining at the site could pose 

threats to human health through potential future groundwater use.  Unacceptable carcinogenic risk from 

groundwater would remain for future household use of groundwater under this alternative.  Aside from 

groundwater flushing or unmonitored natural attenuation, this alternative would offer no reduction in risk 

over time. 

 

Because of the potential risk associated with leaving contaminated groundwater on site, 5-year reviews 

would be required.  These 5-year reviews would assess whether threats or risks are increasing or abating 

with time and assess any changes in the conditions at the site. 

 

Under the no action alternative, no additional controls would be used to manage the contaminants at the 

site.  Therefore, the evaluation of the adequacy and reliability of new controls is not applicable. 

 

Reduction of Toxicity, Mobility, or Volume Through Treatment: The no action alternative would not reduce 

the toxicity, mobility, or volume of contamination through treatment, since no treatment is used to address 

the contaminated groundwater.   Alternative 1 would not satisfy the statutory preference for treatment to 

reduce risks posed by contaminated groundwater. 

 

Short-Term Effectiveness: Since no response actions other than 5-year reviews would occur, 

implementation of the no action alternative would not pose additional short-term risks to the local 

community, base personnel, or the environment.  Workers conducting any site activities associated with 

the 5-year reviews would be protected from contaminant-related risks by PPE and proper site safety 

procedures.  Potential risks from groundwater contamination would remain unabated.  None of the RAOs 

would be achieved. 

 

Implementability: This alternative would require no implementation other than completion of the 5-year 

reviews.  This activity would not require any permits, but it would require a minimal amount of 

coordination between regulatory agencies.  Implementation of the no action alternative would not limit 

future implementation of additional remedial actions at the site, if deemed necessary. 

 

Cost: A detailed estimate of capital, O&M, and present-worth costs for Alternative 1 is provided in 

Appendix F and is summarized below.  Present-worth costs were developed for a 30-year period at a 

3.9 percent discount rate. 

 



 

W5201240F 5-10 CTO 833 

 
Cost Description Estimated Cost 

Capital Costs $0 

O&M/Long-Term Monitoring $0 

5-Year Reviews $22,000/5 years 

Present Worth $70,000 

 

5.5.2  Groundwater Alternative 2: Limited Action 

 

Alternative 2 is a limited action option that would limit potential risks to human health through groundwater 

use restrictions.  A long-term monitoring program and 5-year reviews would be conducted to evaluate 

risks to human health and the environment posed by the groundwater at the site.  For the purposes of 

costing, it was assumed that annual monitoring of 13 wells would be conducted for the first 5 years, and 

then the sampling frequency would be reduced from annually to every 5 years thereafter.  The actual 

monitoring frequency would be determined by the Navy and regulatory agencies based on the monitoring 

results and 5-year reviews.  Depending on the OFFTA soil alternative selected, the existing monitoring 

wells may be destroyed during the soil remedial action, in which case, replacement wells would be 

installed. 

 

Groundwater use restrictions would be implemented by the Navy in Alternative 2 as an ELUR.  The 

restrictions would not allow the installation of wells for any consumptive use purpose, including for 

household use, drinking water supply, irrigation, or industrial use.  The restriction would also apply to any 

consumptive use from the existing wells at the site, and describe protection measures for workers 

involved in future site development activities who may contact groundwater.  The Navy would submit an 

annual report to RIDEM documenting that all of the restrictions were being met.  This report would be 

submitted every year as long as the restrictions remained on the property, and the Office of Waste 

Management would periodically inspect the site to ensure that the provisions of the use restrictions were 

being met. 

 

A continuous flushing model was developed for specific contaminants at the OFFTA site in order to 

estimate the time required for the natural system to flush residual contamination out of the aquifer after 

the overlying contaminated soils have been addressed.  The flushing model was run for benzene and 

lead because they were both detected above MCLs in 1997, and for naphthalene, 2-methylnapthalene, 

arsenic and manganese because the groundwater risk evaluation indicated that these contaminants 

provided most of the risk in the groundwater risk evaluation (TtNUS, 2001) (even though arsenic was not 

selected as a COC).  According to the model, the estimated cleanup times for benzene, naphthalene, 

arsenic, and lead are 2 years, 16 years, 19 years, 70 years, 182 years, and 676 years, respectively.  The 
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long cleanup times for metals are due to their propensity to partition to the aquifer soils and resist 

flushing.   However, the organic compounds, known to be related to fuels and combustion (and thus 

presumed to be site related), would be flushed out of the aquifer in a reasonable time frame. 

 

The model and accompanying assumptions are provided in Appendix G.  As the model shows, organic 

compounds will tend to flush faster than metals, which is true regardless of whether the water is naturally 

flowing through the aquifer, or being drawn from it under pumping conditions. 

 

An analysis of this alternative with respect to the evaluation criteria is as follows: 

 

Overall Protection of Human Health and the Environment: This alternative would provide protection to 

human health by preventing use of the impacted groundwater via an ELUR until conditions allow.  The 

effectiveness of the ELUR would depend on compliance with the restrictions. 

 

This alternative would not provide direct protection of the environment, although monitoring data would 

provide information regarding any further degradation to the aquifer, and any impact to the marine 

sediment from the groundwater flow.  However, this is not a primary concern for the groundwater medium, 

because the groundwater-to-sediment pathway analysis (Appendix A) has indicated that this is not a 

significant pathway for contaminant migration.  

 

Implementation of the long-term monitoring program would document changes in groundwater quality that 

may affect future exposure risks.  Because contaminants would remain at the site, 5-year reviews would 

be conducted to assess changing site conditions and potential risks.  Results of the reviews would be 

used to determine the need to implement future remedial actions at the site or change the required 

frequency of long-term monitoring events. 

 

This alternative would meet RAOs for protection of human health by preventing human exposure to the 

contaminated groundwater.  The RAO for protection of the environment would be met over time as 

natural flushing of the groundwater takes place. 

 

Compliance with ARARs: Tables 5-6, 5-7, and 5-8 summarize chemical-, location-, and action-specific 

ARARs and TBCs, respectively, for Alternative 2.  This alternative meets chemical-specific ARARs 

because through use restrictions, it prevents exposure to groundwater exceeding PRGs that were derived 

from federal and state water quality standards.  Several non-promulgated criteria (TBCs) were also used 

in assessing human health risks and developing groundwater PRGs. 
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Federal and state location-specific ARARs for this alternative include coastal resource management, 

endangered species, fish and wildlife protection, and historic preservation regulations.  Any actions taken 

under this alternative (e.g., monitoring) that would affect the resources protected by these regulations 

would be conducted in accordance with the substantive requirements of the regulations. 

 

Action-specific ARARs would be met through the monitoring program. 

 

Long-Term Effectiveness and Permanence: This alternative would rely on use restrictions to limit access 

to the impacted groundwater and thereby reduce human risk associated with its use.  Restrictions on 

groundwater use would require long-term enforcement by the state and the Navy to ensure their 

protectiveness.  The yearly reporting requirements to RIDEM would help confirm that the restrictions were 

being met. 

 

The limited action alternative would provide no long-term protection of ecological receptors or the 

environment.  However, there is uncertainty if there is a completed exposure pathway from the 

groundwater contaminants to the ecological receptors, based on the groundwater-to-sediment analysis 

presented in Appendix A.  If a soil removal alternative were implemented (the site soils are presumed to 

be the contaminant source), natural flushing of the groundwater would remove the remaining organics in 

a reasonable time frame, while institutional controls would eliminate the possibility for use of groundwater 

as water supply in the meantime.  Annual monitoring and 5-year reviews of this alternative would be 

required to evaluate the effectiveness of the alternative. 

 

Reduction in Toxicity, Mobility, or Volume through Treatment: This alternative would not include any 

groundwater treatment processes.  Therefore, the limited action alternative would offer no reduction in 

contaminant toxicity, mobility, or volume through treatment.  Some reduction in toxicity and volume due to 

natural processes in groundwater could result in lower contaminant concentrations.  However, 

Alternative 2 would not satisfy the statutory preference for treatment to reduce risks posed by 

contaminated groundwater. 

 

Short-Term Effectiveness: A slight increase in short-term risks could potentially result from the 

implementation of this alternative due to potential short-term impacts to workers associated with annual 

monitoring activities.  These would be addressed through proper use of PPE and by using proper 

handling, storage, and disposal procedures for potentially contaminated groundwater samples.  

Implementation of this alternative would not pose any safety concerns to nearby communities, the 

environment, or on-site workers. 
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Each annual monitoring activity would require approximately 1 week.  RAOs associated with preventing 

risks to human health would be addressed when the use restrictions are in place, but RAOs for protection 

of the environment would not be directly achieved. 

 

Implementability: Implementation of this alternative would involve implementing groundwater use 

restrictions and completing a long-term monitoring program and 5-year reviews.  Limited manpower is 

necessary for implementation of groundwater use restrictions.  Consistent enforcement of the use 

restrictions by the Navy would be required, as would annual reports to RIDEM. 

 

The establishment of a long-term monitoring program to assess groundwater quality would be easily 

implemented, given the availability of consulting/environmental firms and laboratories qualified to conduct 

such activities.  These activities may require some coordination with regulatory agencies. 

 

Implementation of the limited action alternative would not impede execution of future remedial actions at 

the site, if deemed necessary. 

 

Cost: A detailed estimate of capital, O&M, and present-worth costs for Alternative 2 is provided in 

Appendix F and is summarized below.  Present-worth costs were developed for a 30-year period at a 3.9 

percent discount rate. 

 

Cost Description Estimated Cost 
Capital Costs $53,000 
O&M/Long-Term Monitoring $44,000/year (years 1-5 and 5-year 

intervals) 
 
$11,000/year (other years) 

5-Year Reviews $22,000/5 years 
Present Worth $543,000 

 

 

5.5.3  Groundwater Alternative 3: Extraction and Ex Situ Treatment 

 

Alternative 3 features the removal of contaminants from the groundwater through extraction and 

treatment.  The extraction of groundwater would be performed using eight new groundwater extraction 

wells located along the northern perimeter of the OFFTA site parallel to Narragansett Bay.  The wells 

would be located approximately 40 feet on the inland side of the top of the bank to prevent excessive 

withdrawal of water from the bay.  Figure 5-1 shows the proposed layout of the wells.  These wells would 

fully penetrate the overburden aquifer, which has an average saturated thickness of 15 ft.  A pumping rate 

of 1.3 gpm at each well was estimated using the EPA’s Wellhead Protection Area model and should 

provide a steady-state capture zone sufficient to control a groundwater plume that covers the majority of 
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the OFFTA site.  The model output and other design calculations are provided in Appendix G.  A pumping 

test would be performed at OFFTA to determine the site-specific hydraulic conductivity, well yield, and 

capture zone to support the final design of an extraction well system.  The pumped groundwater would be 

piped to a centralized location on the OFFTA site where the water would be treated.  The extracted 

groundwater would be passed through an ion exchange system (for metals treatment) and a granular 

activated carbon (GAC) adsorption system for organics.  Discharge would be to the local POTW under a 

National Pollutant Discharge Elimination System (NPDES) discharge permit. 

 

Ion exchange is a reversible exchange of ions between the liquid and the solid phase.  Ions held by 

electrostatic forces to charged functional groups on the surface of the insoluble solid are replaced by ions 

of similar charge in a solution.  Ion exchange is stoichiometric, reversible, and selective in removal of 

dissolved ionic species.  Ion exchange materials (resins) have the capability for regeneration, chemical 

and physical stability, and low solubility.  Cation resins contain negatively charged functional groups such 

as sulfonic or carboxylic acids which exchange a positively charged hydrogen ion (H+) for a cation.  

Similarly, anion resins contain positively charged functional groups such as quaternary amines that 

exchange hydroxide ion (OH-) for a negatively charged ion. 

 

Carbon adsorption is a well-proven, reliable technology to remove organics from water.  The principle 

behind activated carbon treatment involves the physical attraction of organic solute molecules to 

exchange sites on the internal pore surface areas of the specially treated (activated) carbon grains.  As 

water flows through the carbon, the organic molecules occupy the surface sites on the activated carbon 

grains until the capacity is reached, at which time the carbon is either regenerated or disposed of. 

 

Extracted water would be pumped to an equalization tank with a 1-hour retention time from which it would 

be pumped through the ion exchange unit and a carbon column.  The ion exchange unit would remove 

the metals (lead and manganese) and associated contaminants from water.  The organic contaminants 

and residual metal concentrations would be addressed by the liquid-phase GAC adsorption unit.  Using 

the hydraulic data collected during the RI, the total extraction rate from the groundwater extraction wells is 

estimated as 10.4 gpm (1.3 gpm from eight wells, see Appendix G).  Considering a 25 percent capacity 

factor, the minimum treatment system capacity would be 13 gpm.  The ion exchange system would 

consist of two carbon steel ion exchange columns; one ion exchange column would be in operation and 

the other would be in standby.  The columns would be skid-mounted with automatic valves and 

programmable logic controller controls.  The columns would be mixed bed type consisting of a cation 

resin and an anion resin with an inert resin in between to separate layers during regeneration.  Before the 

installation of the full-scale ion exchange system, a bench/pilot-scale study would be performed to 

determine the efficiency of the full-scale system and to determine the type of resin required for effective 

treatment.  Following the ion exchange unit, the water would pass through a bag filter and then go to the 
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GAC adsorption unit.  The carbon system would consist of carbon vessels in series with monitoring points 

in between so that breakthrough of the first vessel could be detected.  It would then be taken out of 

service for regeneration or disposal, and the second vessel would be come the first in the series.  Treated 

water would be discharged to a local POTW under an NPDES discharge permit.  A block flow diagram of 

the treatment process is also presented in Appendix G.  Treatment would be for a period of 30 years and 

would be monitored using the wells at the existing monitoring locations.  Monitoring would involve periodic 

inspection of collection and treatment systems, monitoring the progress of remediation by sampling and 

analysis of groundwater (quarterly for years 1-6 and annually for years 7-30), and monitoring the 

efficiency of treatment. 

 

Five-year site reviews would consist of evaluating the monitoring data for effectiveness of the remedial 

action. 

 

An analysis of this alternative with respect to the evaluation criteria is as follows: 

 

Overall Protection of Human Health and the Environment: Alternative 3 would collect and pump 

contaminated groundwater for treatment with ion exchange and carbon adsorption. The success of this 

alternative is dependent on the contaminants being removed from the ground with the groundwater.  The 

flushing model, presented as Appendix G of this report, shows that natural recovery of the aquifer is 

possible in a certain number of years, based on the propensity of the contaminants to be dissolved into 

and removed with the groundwater.  Using extraction wells to pump water from the aquifer does not 

necessarily accelerate this process, because the maximum pumping rate is limited by the hydrogeologic 

ability of the aquifer to transmit water.  With the extraction wells being near the shoreline, the wells 

intercept the water that would normally discharge to the bay but would not necessarily increase flow 

through the aquifer. 

 

Therefore, the system would be successful in removing organics from the environment, but the metals are 

likely to remain in the aquifer for an extended period of time, regardless of the presence of the treatment 

system.   

 

This alternative would provide protection to human health, but only provide protection to the environment 

if the pumping rate and configuration were such that contaminants would be captured prior to impacting 

the marine sediment.   Monitoring the groundwater would confirm that the aquifer is not further degraded. 

 

There would also be increased short-term risks to on-site workers from potential exposures to 

contaminated groundwater during installation of extraction wells and the treatment system.  These risks 

would be minimized through the use of PPE and proper safety procedures. 
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Implementation of the long-term monitoring program would allow assessment of the restoration of the 

groundwater and any changes in its quality, and a 5-year review would allow assessment of site 

conditions and potential risks.  The results of monitoring and 5-year reviews would be used to determine 

whether additional remedial actions are needed at the site and whether long-term monitoring and 5-year 

reviews may be discontinued. 

 

Compliance with ARARs: Tables 5-9, 5-10, and 5-11 summarize chemical-, location-, and action-specific 

ARARs and TBCs, respectively, for Alternative 3.  This alternative would comply with federal and state 

chemical-specific ARARs (water quality standards) used to derive groundwater PRGs because 

groundwater exceeding the PRGs derived from these standards would extracted and treated. 

 

Implementation of Alternative 3 would meet all state and federal location-specific ARARs by conducting 

the activities in accordance with coastal resource management, endangered species, fish and wildlife 

protection, and historic preservation regulations and by coordinating with appropriate agencies to find 

ways to identify and minimize adverse effects to endangered species and historic sites. 

 

Alternative 3 would also be conducted in accordance with all identified state and federal action-specific 

ARARs.  The action-specific ARARs identified for this alternative include CWA requirements for 

discharging treated groundwater. 

 

Long-Term Effectiveness and Permanence: Groundwater collection and treatment using ion exchange 

and liquid-phase GAC adsorption are proven and established technologies.  The long-term reliability and 

effectiveness of the systems are proven.  Once the treatment system is properly designed and installed, 

Alternative 3 would offer long-term reliability though effectiveness would be based on the success of the 

removal of the metals from the ground. Being an ex situ treatment, failure of the system would be easily 

identifiable.  The performance of the system would be monitored by the wells and treated effluent. 

 

Reduction in Toxicity, Mobility, or Volume Through Treatment: Treatment using ion exchange and liquid-

phase GAC adsorption would offer reduction in toxicity, mobility, and volume.  Any contamination sources 

in groundwater would be treated by this alternative.  Therefore, Alternative 3 would meet the statutory 

preference for treatment. 

 

Short-Term Effectiveness: Alternative 3 would involve pumping the groundwater from the extraction wells, 

designing and building an ion exchange and liquid-phase GAC adsorption facility, and discharging to the 

POTW.  The installation of the extraction wells would involve drilling and might disturb the contaminated 

areas.  The short-term risks to workers and the environment would be low.  With proper work practices, 

implementation of this alternative would not pose any safety concerns to nearby communities, the 
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environment, or on-site workers.  Dust suppression to control potential fugitive dust emissions and air 

monitoring would be used as necessary to ensure worker safety during remedial activities at the site.  

Limited O&M would be required for the ion exchange and carbon adsorption units, and no unacceptable 

exposure to workers is anticipated.  OSHA standards would be followed during the implementation of the 

remedial action. 

 

Sampling of groundwater might expose workers to hazardous substances; however, exposure to workers 

during sampling would be minimal and could be controlled by following standard practices.  On-site 

workers would be protected from exposure to hazardous substances through the appropriate use of PPE 

and through compliance with a site-specific HASP. 

 

Implementability: Implementation of Alternative 3 would be moderately complex to implement.  Extraction 

wells, ion exchange, liquid-phase GAC adsorption units, and the discharge line could be installed at the 

site, though dedicated space, power, access, and support facilities would have to be assigned for those 

improvements.  Ion exchange and liquid-phase GAC adsorption are established technologies and have 

been used extensively, and materials and labor are available for installing the ion exchange and liquid-

phase GAC adsorption systems, collection system, and discharge line as well as for periodic sampling.  

This alternative should take about one year to implement, but would have to remain in operation for a 

number of years, requiring administrative management and operational efforts.  Permits for installing the 

extraction wells; disposing sludge containing metals, spent carbon, and spent resins; and installing a 

discharge line to the POTW might be required.  Administrative issues and coordination with other 

agencies or acquiring permits are achievable. 

 

Performing long-term monitoring to assess groundwater concentrations quality would be easily 

implementable, given the availability of consulting/environmental firms and laboratories qualified to 

conduct such activities.  These activities may require coordination with regulatory agencies. 

 

Implementation of this extraction and treatment alternative would not limit future implementation of 

additional remedial actions at the site. 

 

Cost: A detailed estimate of capital, O&M, and present-worth costs for Alternative 3 is provided in 

Appendix F and is summarized below.  Present-worth costs were developed for a 30-year period at a 3.9 

percent discount rate. 
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Cost Description Estimated Cost 
Capital Costs $586,000 
O&M/Long-Term Monitoring $158,000/year (years 1-5) 

 
$59,000/year (other years) 

5-Year Reviews $22,000/5 years 
Present Worth $2,128,000 

 

 

5.6  COMPARATIVE ANALYSIS OF GROUNDWATER ALTERNATIVES 

 

A comparative analysis is conducted to evaluate the significant differences between alternatives based on 

the threshold and balancing criteria.  This analysis is provided below and summarized in Table 5-12. 

 

A comparative analysis of groundwater alternatives is presented to address how effectively each 

alternative would comply with the standards listed in the guidance (USEPA, 1994).  Alternative 1 (No 

Action) is considered for baseline purposes and is not expected to satisfy any of the requirements; 

therefore, this alternative is not compared with the other alternatives in assessing the relative merits. 

 

Overall Protection of Human Health and the Environment: Alternatives 2 and 3 are both effective in 

protecting human health.  Once the contaminant sources in soil are located and controlled, Alternatives 2 

and 3 would both provide protection to human health by preventing exposure to impacted groundwater, 

either through use restrictions or treatment.  Alternative 2 would provide immediate protection to human 

health through ELUR, although this is not imperative because no exposure points currently exist at the 

site.  Alternative 3 would provide protection later, after contaminants are removed, but this would only 

occur after a series of years.    

 

Alternative 3 may be considered more effective compared to Alternative 2 because it removes the 

contaminants from the environment, rather than allowing them to flush through the system.  However,  

because it is based on water flushing it may not meet cleanup objectives any faster than Alternative 2. 

For protection of the environment, Alternative 3 is more effective because it prevents migration of 

groundwater to the marine sediments through the use of extraction wells, whereas Alternative 2 allows 

those contaminants to flush through the system and uses monitoring to identify any degradation of marine 

sediments.   This should be adequate since groundwater was not identified as possibly impacting 

ecological receptors in the marine sediment (Appendix A). 

 

Alternative 3 would provide ex situ treatment to address the contaminants and, therefore, would provide a 

higher degree of protection than Alternative 2, although Alternative 2 would be able to provide an 

adequate degree of protection at a reasonable cost. 
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Compliance with ARARs: Both alternatives meet chemical-specific ARARs because they prevent 

exposure to groundwater exceeding PRGs that were derived from federal and state water quality 

standards.  Alternative 2 accomplishes this with groundwater use restrictions, and Alternative 3 

accomplishes this through extraction and treatment. 

 

Implementation of either alternative would meet all state and federal location-specific ARARs by 

conducting the activities in accordance with coastal resource management, endangered species, fish and 

wildlife protection, and historic preservation regulations and by coordinating with appropriate agencies to 

find ways to identify and minimize adverse effects to endangered species and historic sites. 

 

Alternative 3 would also be conducted in accordance with all identified state and federal action-specific 

ARARs.  The action-specific ARARs identified for this alternative include CWA requirements for 

discharging treated groundwater.  Alternative 2 does not have action-specific ARARs other than related to 

monitoring. 

 

Long-Term Effectiveness and Permanence: Alternative 3 would have the higher long-term effectiveness 

because of the aggressive treatment and removal of contaminants from the system.  The treatment 

technologies involved in Alternative 3 are proven reliable, although removal of metals can take a very 

long time.  Alternative 2 would provide effectiveness by preventing exposure to groundwater through use 

restrictions; it would also provide some long-term reliability and effectiveness from natural flushing.  

Alternative 2 would provide long-term reliability and effectiveness in a cost-effective manner. 

 

Reduction in Toxicity, Mobility, or Volume Through Treatment: Alternative 3 would provide reduction in 

the toxicity, mobility, or volume of waste because of its extraction and treatment.  Extraction wells would 

reduce mobility of contaminants, and ion exchange and GAC adsorption would reduce toxicity.  

Alternative 2 does not provide reduction of toxicity, mobility, or volume of waste through treatment, as no 

active treatment is proposed. 

 

Short-Term Effectiveness: Alternative 2 would offer the higher short-term effectiveness because the 

alternative does not involve any major construction activity and use restrictions could be implemented in a 

timely manner.  Alternative 3 would require relatively extensive construction activities and would not 

become effective until extraction and treatment reduced contaminants below the PRGs.  However, neither 

of these alternatives would pose any threat to local communities or on-site personnel during the 

implementation of the remedial action.  On-site workers would be protected from exposure to hazardous 

substances through the appropriate use of PPE and through compliance with a site-specific HASP.  

OSHA standards would be followed for either alternative during the implementation of the remedy. 
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Implementability: Both alternatives are implementable; however, Alternative 2 would be the easier to 

implement because it does not involve construction or operation of a remediation system.  The 

technologies involved in Alternative 3 are proven, and several similar systems have been installed at 

various locations.  Construction and operational services for Alternative 3 are available.  Administrative, 

management, and operational issues and coordination with other agencies or acquiring permits are more 

easily achievable for Alternative 2.  Future remedial actions would not be hindered by the alternatives.  

Alternative 3 would take longer to implement and become effective as compared to Alternative 2. 

 

Cost: Capital, O&M, present worth costs for the three groundwater alternatives are summarized as 

follows: 

 

Costs Alternative 1 
No Action 

Alternative 2 
Limited Action 

Alternative 3 
Extraction and 

Treatment 
Capital $0 $53,000 $586,000 

O&M/ 
Long-Term 
Monitoring 

$0 $44,000/year (years 1-5 and 
5-year intervals) 
 
$11,000/year (other years) 

$158,000/year (years 1-5) 
 
$59,000/year (other years) 

5-Year 
Reviews 

$22,000/5 years $22,000/5 years $22,000/5 years 

PRESENT 
WORTH  

$70,000 $543,000 $2,128,000 
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6.0  DEVELOPMENT AND SCREENING OF ALTERNATIVES  
FOR MARINE SEDIMENT 

 

Development and screening of alternatives is conducted to assemble an appropriate range of remedial 

options to achieve the site RAOs for sediment.  Remedial technologies retained for further consideration 

in Section 3.0 are combined to form remedial alternatives.  Detailed evaluation of these alternatives is 

performed subsequently. 

 

The alternatives are developed to comply with regulatory criteria applicable to the site conditions and the 

media of concern, as directed by the regulations and guidance presented in Section 2.0. 

 

The remedial alternatives developed for the marine sediment in the shoreline and nearshore areas of the 

OFFTA site are summarized in Table 6-1.  The alternatives are developed to apply to marine sediment 

located within the shoreline (intertidal zone) as well as nearshore marine sediment (sediment below the 

low-tide line). Affected sediment at these locations is addressed as a whole and is referred to as marine 

sediment. Figure 2-4 depicts the contaminated areas of marine sediment zones.  COCs impacting the 

marine sediment include various PAHs and arsenic.  Descriptions of each of these alternatives are 

provided in the following section. 

 

6.1  RATIONALE FOR DEVELOPMENT OF ALTERNATIVES 

 

In selecting remedial options, GRAs and process options chosen to be representative of the various 

technology types (see Section 3.0) are combined to form remedial alternatives to allow for future remedy 

selection.  The alternatives are developed to address a range of risk reduction measures, future land use 

restrictions, and exposure scenarios.  Alternatives are also developed that achieve compliance with 

ARARs and PRGs.  Under limited circumstances, waivers may be required if ARARs cannot be satisfied. 

 

The remedial alternatives developed to address marine sediment contamination consist of combinations 

of no action, institutional controls, long-term monitoring, removal, and disposal.  The purpose of each 

remedial alternative is to prevent migration of and control contact with the contaminated media.  A range 

of remedial alternatives from no action to complete removal and disposal of impacted media is 

considered for detailed evaluation. 

 

The sediment contaminant concentrations are sufficiently low that the sediment would likely be 

acceptable for disposal in a solid waste (RCRA Subtitle D) landfill without treatment.  However, to 

accommodate the possibility that highly contaminated sediment may be encountered during remedial 
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action, TSDF disposal is considered.  Four remedial alternatives have been developed for addressing 

contamination in marine sediment at OFFTA. 

 

Sediment Alternative 1: No Action 

Sediment Alternative 2: Limited Action (Access Restrictions/ Monitoring) as an Interim Measure 

Sediment Alternative 3: Limited Removal and Disposal (Beach Area) 

Sediment Alternative 4: Removal and Disposal Option A 

Sediment Alternative 5: Removal and Disposal Option B 

 

6.2  DESCRIPTION OF ALTERNATIVES 

 

The alternatives were developed to address sediment in the areas identified as posing potential risks to 

humans (through recreational exposures) and ecological receptors.  As discussed previously, the areas 

requiring remediation consist of the beach area and nearshore areas near sample stations SD-410, 

OFF-3, OFF-5, and OFF-6.  The depth interval of contamination above PRGs is approximately 2 vertical 

feet of sediment along the beach and 1 vertical foot in the nearshore.  The beach and nearshore 

elevated-risk areas exceeding recommended PRGs are shown on Figure 2-4.  The HHRA and marine 

ERA evaluations identified the marine sediment along the beach as posing risks to both human health 

and the environment and sediment in the nearshore as posing risk to the environment because of 

concentrations of PAHs and arsenic. 

 

6.2.1  Sediment Alternative 1: No Action 

 

The no action alternative, as required under the NCP, would involve no remedial response activities and 

would provide no additional protection of human health or the environment.  However, it would provide a 

baseline for comparison to other alternatives.  Since contamination would remain and unrestricted future 

use of the nearshore environment would be allowed, 5-year reviews of the no action decision would be 

required. 

 

Under this alternative no remedial actions would be performed, no measures would be implemented to 

restrict access to the marine environment adjacent to OFFTA, and no actions would be taken to warn 

people of the hazards associated with wading in the area.  However, measures currently in place would 

continue to provide limited protection of human health.  Existing measures that provide some 

protectiveness include a no swimming policy for the NAVSTA Newport shorelines and fencing around the 

OFFTA that limits access to the shoreline. 
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6.2.2  Sediment Alternative 2: Limited Action 

 

The limited action alternative would be implemented as an interim measure.  This alternative would 

include restricting recreational access to the intertidal area and monitoring all sediment areas with COC 

concentrations exceeding PRGs until the effects of the selected soil alternatives on the sediments can be 

realized.  As an interim action, the alternative can be concluded at any time and replaced with a more 

active alternative, rather than waiting for a five year review period to be concluded.  If monitoring data 

shows that risks to human and ecological receptors remain the same or are increasing, then another 

alternative will be selected by consensus with the regulatory oversight parties. 

 

This limited action alternative would provide some protection of human health by employing access 

restrictions preventing recreational activities on the beach (intertidal) area.  However, the alternative 

would provide no removal or treatment of impacted material.  Therefore, it would provide no protection 

of the environment or ecological receptors. It would employ a long-term monitoring program to allow 

evaluation of changing conditions at the site following the removal of the presumed source of the COCs. 

 Because contamination would remain, 5-year reviews of the alternative would be required to evaluate 

the risks to human health and the environment posed by the site in the future. 

 

Access restrictions (shoreline fencing, buoys, and signs) would discourage public access and recreational 

use of the shoreline and state-owned land in the intertidal zone, thereby increasing the effectiveness of 

the existing use restrictions and reducing risks to human health by changing the use of the intertidal area 

from a recreational/residential use scenario to a trespasser use scenario.  The existing shoreline fencing 

would be extended to restrict access to all of the beach areas exceeding PRGs.  A perimeter buoy 

system would be placed at 100-foot intervals approximately 10 to 20 feet seaward of the mean low water 

line; in order to identify areas restricted from recreational use.  Warning signs would be posted on the 

fencing and buoys to warn people of the potential hazards associated with the use of the area.  Buoys 

could also include such features as internal radar reflecting material and reflective markings.  Buoy 

anchoring would likely consist of a triangular placement of ballast to minimize drift and to provide a 

consistent demarcation of the impacted area.  Additional signs would be strategically placed along the 

shoreline.  The fencing, signs, and buoys would be inspected quarterly.  Repair/replacement would be on 

an as-needed basis. 

 

The long-term monitoring program would assess the quality of the marine environment over a 30-year 

period to evaluate changes in human health and ecological risk.  The long-term monitoring program 

would include sediment chemistry and toxicity.  Monitoring would involve measuring parameters that 

were previously found to contribute to human health or ecological risk.  For costing purposes, it is 

assumed that samples would be collected from twelve locations (six for human health risk and six for 
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ecological risk) in the nearshore sediment at areas selected to correspond to sample stations tested in 

the previous investigations.  The analyses would include sediment chemistry (PAHs and arsenic), 

porewater chemistry (arsenic), and sediment toxicity to amphipod and arabacia. 

 

Given the nature of sediment contamination and the slow changes in sediment quality anticipated, a 

single sampling event per year was assumed to be sufficient to monitor long-term sediment quality 

trends.  For the purposes of costing, it was assumed that annual monitoring would be conducted for the 

first 5 years and then, assuming that the sediment quality did not change significantly, the long-term 

sampling frequency would be reduced from annually to every 5 years or after the occurrence of a major 

storm.  The final long-term monitoring plan, which would specify all the details of the monitoring 

program, including analytical methods, sampling locations, and sampling frequency, would be developed 

in coordination with EPA and RIDEM. 

 

The results of the monitoring would be compiled and an evaluation of the findings and associated risks 

would be conducted every 5 years, as required by CERCLA.  The results of these 5-year reviews would 

be used to identify any changes in the contaminant concentrations and to document the need to 

implement future response actions at the site or change the required frequency of long-term monitoring 

events. 

 

6.2.3  Sediment Alternative 3: Limited Removal and Disposal (Beach Area) 

 

This alternative was developed to address the contaminated sediment through a combination of removal 

and monitoring.  Subtidal sediment within the nearshore areas would remain intact while all of the 

impacted intertidal sediment exceeding PRGs along the beach would be removed using appropriate 

excavation techniques.  In order to monitor the risk to the ecological receptors from the remaining 

sediment, and to evaluate the potential for recontamination of remediated areas, long-term monitoring 

would be implemented.   

 

Removal would involve more than 94 percent of contaminated sediment at the site with an estimated 

volume of about 5,716 cy.  (The remaining 6 percent is the 290 cy associated with the nearshore areas.) 

After excavation activities are complete, the beach area would be backfilled with clean materials similar 

to the existing substrate.  The sediment removal area is shown on Figure 6-1.  Elements of Alternative 3 

would include: 

 

•  Pre-design investigation 

•  Installation of engineering controls to minimize erosion and sediment migration during  

construction 
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•  Removal of 5,716 cy of contaminated sediment from the beach (intertidal) area 

•  Confirmation sampling of excavated areas to ensure complete removal of contaminated 

sediment 

•  Sediment dewatering 

•  Treatment of dewatering fluids and discharge to bay 

•  Disposal of sediment at TSDF 

•  Backfill with natural fill to original grade 

•  Long-term monitoring of nearshore (subtidal) areas exceeding ecological PRGs 

•  Monitoring the restored area to assess potential recontamination 

•  Five-year reviews 

 

A PDI would be performed to gather information needed to complete the final remedial design.  The PDI 

would include a series of shallow-core samples to confirm the nature and extent of contamination and 

determine the treatment requirements for fluids to be generated during excavation and dewatering. 

Approximately 25 borings would be advanced to confirm the extent of sediment contamination and 

define the area for sediment removal. Borings would also be used to gather geotechnical information 

needed to select the removal methods best suited for the materials present.  The PDI would also include 

a detailed evaluation regarding any treatment requirement for the sediment prior to proper disposal. 

 

Engineering controls would be installed around the perimeter of the area to be excavated to minimize 

sediment migration.  A temporary cofferdam system such as a “port-a-dam” will be utilized where water 

depths allow so that excavations can be performed in areas where water presence can be controlled. 

 

Impacted sediment would be excavated and segregated by size and, if required, by the type of 

contaminants, although this is not anticipated based on the contaminants detected in the beach 

sediment.  Land-based excavation would be performed using conventional earth-moving equipment such 

as track-mounted excavators, front-end loaders, bulldozers, and dump trucks. 

 

All excavated sediment would be staged and processed at a centralized location.  Removed materials 

would be dewatered before being transported for final processing and staging.  Water generated from 

sediment dewatering would be treated to meet applicable standards and then be discharged to the bay. 

An estimated 5,716 cy of contaminated sediment would be excavated as part of Alternative 3. Excavated 

sediment would be screened to remove debris and stones over approximately 6 inches in diameter.  The 

screened material would be segregated as follows: 

 

•  For the purposes of this FS, it was assumed that approximately 20 percent of the excavated 

material (1,143 cy) would be over 6 inches in diameter and would be suitable for reuse after 
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decontamination by methods permitted under relevant hazardous waste standards.  These large 

rocks and boulders would be decontaminated to remove any contaminated sediment and then be 

staged for reuse as backfill. 

 

•  Screened material less than or equal to 6 inches in diameter (4,573 cy or 80 percent of the 

excavated material) would be staged separately for disposal.  All trash and debris such as steel 

and concrete would be included with this portion of the excavated material, regardless of size.  

Any large debris to be sent off site for recycling or disposal would first be decontaminated to 

remove any contaminated sediment.  Water generated from rock and debris decontamination 

would be treated to meet applicable standards and then be discharged to the bay. 

 

Evaluation of the existing analytical data indicates that sediment contaminant levels are low enough that 

the material would not require any stabilization for disposal at a TSDF or would likely meet requirements 

for disposal in a RCRA Subtitle D landfill without treatment.  However, if the sediment requires 

stabilization prior to transportation to the TSDF, lime stabilization would be carried out. 

 

Following removal operations, excavated areas would be sampled and tested using field test methods 

and confirmed through laboratory analysis to ensure complete removal.   The areas would then be 

backfilled to their original grade with a mix of clean fill materials selected and placed to assist in the 

natural restoration of the intertidal community that would be destroyed by excavation.  The proposed 

excavation and backfilling would remove and replace approximately 1.77 acres of existing rocky 

intertidal marine habitat, temporarily destroying the benthic community in the area.  The proposed 

backfill would promote the natural restoration of the affected benthic community by providing an optimal 

habitat structure to support a diverse and stable benthic community.  Natural recolonization of the area 

would occur as waterborne algae spores and animal larvae are swept into the area by tidal currents and 

wave action.  The long-term O&M program would include regular inspection of the backfilled areas to 

assess the condition of the habitat.  It is anticipated that the ecological community would be 

reestablished within 1 to 4 years. 

 

The backfill substrate would be placed to provide a stable and non-uniform habitat structure to promote 

community growth and diversity.  The fill substrate would consist of graded sand, gravel, and stone sized 

similar to the current materials in the beach and nearshore sediment that are not impacted. 

Implementation of this alternative would not impact eelgrass beds located in the nearshore and offshore 

station areas adjacent to the site.  Efforts would be taken during excavation to minimize turbidity that 

could result in damage to the eelgrass beds.  Any slight damage to eelgrass beds is expected to be 

mitigated by natural restoration, which would be monitored during long-term monitoring. 
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Long-term monitoring would include two elements – sediments would be monitored in the area where 

removal actions had occurred to evaluate possible recontamination, but also sediment and biota 

chemistry as well as amphipod and arabacia toxicity would be monitored in the areas where sediments 

exceeding ecological PRGs remain to determine if the source removal action results in a reduction of 

these contaminants over time.  Both monitoring efforts will be conducted annually for the first 5 years 

after the remedial action is completed, and then every five years thereafter to correspond to five year 

reviews. 

 

6.2.4  Sediment Alternative 4: Removal and Disposal Option A 

 

This alternative was developed to address contaminated beach and nearshore marine sediment through 

removal and disposal while providing protection to eelgrass beds.  Sediment within and adjacent to the 

eelgrass beds would not be removed while the rest of the impacted sediment exceeding PRGs would be 

removed using appropriate excavation techniques. Based on current data, there are approximately 76 cy 

of contaminated sediment associated with eelgrass beds in the area surrounding sample SD-410.  This 

area of eelgrass would not be removed under this alternative.  In order to monitor the risk from the 

remaining sediment, long-term monitoring would be implemented.   

 

Removal would involve more than 98 percent of contaminated sediment at the site with an estimated 

volume of about 6006 cy.  (The remaining 2 percent is the 76 cy associated with the eelgrass beds.)  

After removal activities are complete, the areas would be backfilled with clean materials similar to the 

existing substrate.  The sediment removal area is shown on Figure 6-2.  Elements of Alternative 4 would 

include: 

 

•  Pre-design investigation 

•  Installation of engineering controls to minimize erosion and sediment migration during 

construction 

•  Removal of 5,716 cy of contaminated sediment from the beach (intertidal) area 

•  Removal of 214 cy of contaminated sediment from the nearshore (subtidal) areas exceeding 

ecological standards (not including any areas containing eelgrass) 

•  Use of portadams and a temporary excavator causeway to facilitate removal 

•  Confirmation sampling of excavated areas to ensure complete removal of contaminated 

sediment 

•  Sediment dewatering 

•  Treatment of dewatering fluids and discharge to bay 

•  Disposal of sediment at TSDF 

•  Backfill with natural fill to original grade 
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•  Long-term monitoring of eelgrass beds and shellfish 

•  Monitoring the restored area to assess potential recontamination 

•  Five-year reviews 

 

A PDI would be performed to gather information needed to complete the final remedial design.  The PDI 

would include a series of shallow-core samples to confirm the nature and extent of contamination and 

determine the treatment requirements for fluids to be generated during excavation and dewatering. 

Approximately 25 borings would be advanced to confirm the extent of sediment contamination and 

define the area for sediment removal. Borings would also be used to gather geotechnical information 

needed to select the removal methods best suited for the materials present.  If it is determined from the 

PDI that suction dredging would be better suited to remove the sediments near the eelgrass areas and 

could better protect those areas, this change will likely be made with approval of the oversight parties.  

The PDI would also include a detailed evaluation regarding any treatment requirement for the sediment 

prior to proper disposal. 

 

Engineering controls would be installed around the perimeter of the area to be excavated to minimize 

sediment migration.  Portadam structures (steel A-frame supports holding an impervious fabric 

membrane to hold back up to 9.5 feet of water) would be used for the nearshore excavations at areas 

OFF-3, -5, and –6 to allow the work to be performed under relatively dry conditions.  The maximum 

depth in these areas during high tide is approximately 7.75 feet (TtNUS, 2002).  The area surrounding 

sample SD-410 is approximately 10 feet deep during high tide, which exceeds the depth limits for the 

portadam.  Therefore, a temporary excavator causeway may be installed for access to the areas past the 

low-tide line to facilitate excavation.  The causeway would be constructed by placing stone into the bay 

perpendicular to the shoreline in the area of sample SD-410.  The exact location of the causeway would 

be finalized after the PDI and by optimizing it to provide necessary access to the required excavation 

areas.  A typical cross-section of the causeway is shown on Figure 6-2.  Contaminated sediment and 

debris would be excavated from the path of the causeway as it was being built, and Rhode Island 

Department of Transportation (RIDOT) specified R-6 stone would be installed over the excavated portion 

to construct the causeway. Construction would be performed in sections by starting from the shore, 

excavating an area of contaminated sediment, backfilling, and then placing the stone for the road.  Then, 

from the end of the causeway, the excavator would excavate, backfill, and place the next section.  The 

causeway surface would typically be 1 to 2 feet above the mean high tide level and approximately 20 

feet wide.  Once sediment removal was complete, the excavators would then remove the causeway, 

recycling or disposing of the R-6 stone. 

 

An alternative to the causeway would be the use of suction dredging in areas where water depth exceeds 

limits for the portadam.  Suction dredging could be performed from the shoreline, and may be better 
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suited to removal of the sediments while protecting the eelgrass areas nearby.  The determination of the 

use of the causeway or suction dredging will be determined after completion of the PDI.  Due to the small 

size of the area and the complexity of the construction of the causeway, the potential cost impact for this 

change are not large enough to be detailed as a separate alternative. 

 

Impacted sediment would be excavated and segregated by size and, if required, by the type of 

contaminants, although this is not anticipated based on the contaminants detected in the beach and 

nearshore marine sediment.  Land-based excavation would be performed using conventional earth-

moving equipment such as track-mounted excavators, front-end loaders, bulldozers, and dump trucks.  A 

trackhoe with a long-reach arm would be able to access the required areas from the causeway. 

 

All excavated sediment would be staged and processed at a centralized location.  Removed materials 

would be dewatered before being transported for final processing and staging.  Water generated from 

sediment dewatering would be treated to meet applicable standards and then be discharged to the bay. 

An estimated 5,930 cy of contaminated sediment would be excavated as part of Alternative 4. Excavated 

sediment would be screened to remove debris and stones over approximately 6 inches in diameter.  The 

screened material would be segregated as follows: 

 

•  For the purposes of this FS, it was assumed that approximately 20 percent of the excavated 

material (1,186 cy) would be over 6 inches in diameter and would be suitable for reuse after 

decontamination by methods permitted under relevant hazardous waste standards.  These large 

rocks and boulders would be decontaminated to remove any contaminated sediment and then be 

staged for reuse as backfill. 

 

•  Screened material less than or equal to 6 inches in diameter (4,744cy or 80 percent of the 

excavated material) would be staged separately for disposal.  All trash and debris such as steel 

and concrete would be included with this portion of the excavated material, regardless of size.  

Any large debris to be sent off site for recycling or disposal would first be decontaminated to 

remove any contaminated sediment.  Water generated from rock and debris decontamination 

would be treated to meet applicable standards and then be discharged to the bay. 

 

Evaluation of the existing analytical data indicates that sediment contaminant levels are low enough that 

the material would not require any stabilization for disposal at a TSDF or would likely meet requirements 

for disposal in a RCRA Subtitle D landfill without treatment.  However, if the sediment requires 

stabilization prior to transportation to the TSDF, lime stabilization would be carried out. 
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Following removal operations, excavated areas would be sampled and tested using field test methods to 

ensure complete removal, then backfilled to their original grade with a mix of clean fill materials selected 

and placed to assist in the natural restoration of the benthic community that would be destroyed by 

excavation.  The proposed excavation and backfilling would remove and replace approximately 1.9 

acres of existing rocky intertidal and subtidal marine habitat, temporarily destroying the benthic 

community in the area.  The proposed backfill would promote the natural restoration of the affected 

benthic community by providing an optimal habitat structure to support a diverse and stable benthic 

community.  Natural recolonization of the area would occur as waterborne algae spores and animal 

larvae are swept into the area by tidal currents and wave action.  The long-term O&M program would 

include regular inspection of the backfilled areas to assess the condition of the habitat.  It is anticipated 

that the ecological community would be reestablished within 1 to 4 years. 

 

The backfill substrate would be placed to provide a stable and non-uniform habitat structure to promote 

community growth and diversity.  The fill substrate would consist of graded sand, gravel, and stone sized 

similar to the current materials in the nearshore sediment that are not impacted.  Implementation of this 

alternative would not impact eelgrass beds located in the nearshore and offshore station areas adjacent 

to the site.  Efforts would be taken during excavation to minimize turbidity that could result in damage to 

the eelgrass beds.  Slight damage to eelgrass beds would be mitigated by natural restoration, which 

would be monitored during long-term monitoring. 

 

Long-term monitoring would include two elements – sediments would be monitored in the area where 

removal actions had occurred to evaluate possible recontamination, but also sediment and biota 

chemistry as well as amphipod and arabacia toxicity would be monitored in the one area where 

sediments exceeding ecological PRGs remain to determine if the source removal action results in a 

reduction of these contaminants over time.  Both monitoring efforts will be conducted annually for the 

first 5 years after the remedial action is completed, and then every five years thereafter to correspond to 

five year reviews. 

 

6.2.5  Sediment Alternative 5: Removal and Disposal Option B 

 

This alternative was developed to provide a remedial action that reduces or eliminates the on-site 

toxicity, mobility, and volume of contaminated beach and nearshore marine sediment through removal 

and disposal.  Sediment would be removed from the nearshore area using appropriate excavation 

techniques.  Removal would be conducted over the nearshore marine sediment area shown in 

Figure 6-4.  These areas include those presented in Section 6.2.4 and eelgrass beds near sample station 

SD-410.  Elements of Alternative 5 include: 
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•  Pre-design investigation  

•  Installation of engineering controls to minimize erosion and sediment migration during 

construction 

•  Removal of 5,716 cy of contaminated sediment from the beach (intertidal) area 

•  Removal of 290 cy of contaminated sediment from the nearshore (subtidal) area exceeding 

ecological standards (including any areas containing eelgrass) 

•  Use of portadams and a temporary excavator causeway to facilitate removal 

•  Confirmation sampling of excavated areas to ensure complete removal of contaminated 

sediment 

•  Sediment dewatering 

•  Treatment of dewatering fluids and discharge to bay 

•  Disposal of sediment at TSDF 

•  Backfill with natural fill to original grade 

•  Assisted restoration of benthic community 

•  Natural restoration of eelgrass beds (0.05 acre) 

•  Long-term monitoring as required 

•  Monitoring the restored area to assess potential recontamination 

•  Five-year review 

 

The approach for removal and disposal of contaminated sediment would be similar to the Removal 

alternative presented in Section 6.2.4.  The primary differences are that the quantity of contaminated 

sediment removed as part of Alternative 5 would be slightly larger, and contaminated sediment present 

in the eelgrass bed areas would also be excavated.  After removal activities are complete, the areas 

would be backfilled with clean materials similar to the existing substrate, and eelgrass beds would be 

restored to the extent possible. 

 

Details of removal would be similar to those presented in Section 6.2.4.  A PDI would be performed to 

gather information needed to complete the final remedial design.  Approximately 25 borings would be 

advanced to confirm the extent of sediment contamination and define the area for sediment removal.  

Borings would also be used to gather geotechnical information needed to select the removal methods 

best suited for the materials present.  If it is determined from the PDI that suction dredging would be 

better suited to remove the sediments within and near the eelgrass areas and could better protect those 

areas, this change will likely be made with approval of the regulatory oversight parties.  The PDI would 

also include a detailed evaluation regarding any treatment requirement for the sediment prior to proper 

disposal. 
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Engineering controls would be installed around the perimeter of the area to be excavated to minimize 

sediment migration.  Portadams and a temporary excavator causeway would be installed for access to 

the areas past the low-tide line to facilitate excavation, as described in Section 6.2.4.  Excavation of 

contaminated sediment in the nearshore areas would be carried out to a depth of 1 foot. 

 

Contaminated sediment would be excavated and segregated by size and, if required, by the type of 

contaminants, although this is not anticipated based on the contaminants detected in the beach and 

nearshore marine sediment.  Land-based excavation would be performed using conventional earth-

moving equipment such as track-mounted excavators, front-end loaders, bulldozers, and dump trucks.  A 

trackhoe with a long-reach arm would be able to access the required areas from the causeway.  

 

An alternative to the causeway would be the use of suction dredging in the area of SD-410.  Suction 

dredging could be performed from the shoreline, and may be better suited to removal of the sediments 

within and near the eelgrass while protecting the other eelgrass areas nearby.  The determination of the 

use of the causeway or suction dredging will be determined after completion of the PDI.  Due to the small 

size of the area and the complexity of the construction of the causeway, the potential cost impact for this 

change are not large enough to be detailed as a separate alternative. 

 

All excavated sediment would be staged and processed at a centralized location.  Removed materials 

would be dewatered before being transported for final processing and staging.  Water generated from 

sediment dewatering would be treated to meet applicable standards and then be discharged to the bay. 

 

An estimated 6,006 cy of contaminated sediment would be removed as part of Alternative 5.  Excavated 

sediment would be screened to remove debris and stones over approximately 6 inches in diameter.  The 

screened material would be segregated as follows: 

 

•  For the purposes of this FS, it was assumed that approximately 20 percent of the excavated 

material (1,201 cy) would be over 6 inches in diameter and would be suitable for reuse after 

decontamination by methods permitted under relevant hazardous waste standards.  These large 

rocks and boulders would be decontaminated to remove any contaminated sediment and staged 

for reuse as backfill. 

 

•  Screened material less than or equal to 6 inches in diameter (4,805 cy or 80 percent of the 

excavated material) would be staged separately for disposal.  All trash and debris such as steel 

and concrete would be included with this portion of the excavated material, regardless of size.  

Any large debris to be sent off site for recycling or disposal would first be decontaminated to 



W5201240F 6-13 CTO 833 

remove any contaminated sediment.  Water generated from rock and debris decontamination 

would be treated to meet applicable standards and then discharged to the bay. 

 

Evaluation of the existing analytical data indicates that sediment contaminant levels are low enough that 

the material would not require any stabilization prior to TSDF disposal or would likely meet requirements 

for disposal in a RCRA Subtitle D landfill without treatment.  If stabilization is required, sediment would 

be stabilized with lime prior to disposal in a TSDF. 

 

Following removal operations, excavated areas would be sampled and tested using field test methods to 

ensure complete removal, then backfilled to their original grade with a mix of clean fill materials selected 

and placed to assist in the natural restoration of the benthic community that would be destroyed by 

excavation.  The proposed excavation and backfilling would remove and replace approximately 1.95 

acres of existing rocky intertidal and subtidal marine habitat, temporarily destroying the benthic 

community in the area.  The proposed backfill would promote the natural restoration of the affected 

benthic community by providing an optimal habitat structure to support a diverse and stable benthic 

community.  Natural recolonization of the area would occur as waterborne algae spores and animal 

larvae are swept into the area by tidal currents and wave action.  The long-term O&M program would 

include regular inspection of the backfilled areas to assess the condition of the habitat.  It is anticipated 

that the ecological community would be reestablished within 1 to 4 years. 

 

The backfill substrate would be placed to provide a stable and non-uniform habitat structure to promote 

community growth and diversity.  The fill substrate would consist of graded sand, gravel, and stone sized 

materials similar to the that in the nearshore sediment that are not impacted.  Implementation of this 

alternative would also impact eelgrass beds present around offshore sampling station SD-410.  New 

eelgrass beds (0.05 acre) would have to be developed either on site, or if that is impracticable, off site. 

 

Long-term monitoring would include two elements – first, sediments would be monitored in the area 

where removal actions had occurred to evaluate possible recontamination. This effort will be conducted 

annually for the first 5 years after the remedial action is completed, and then every five years thereafter 

to correspond to five year reviews.  

 

6.3  DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 

 

The detailed analysis of alternatives provides relevant information to support the future selection of a 

remedial action.  Each alternative is more fully developed and further evaluated according to a 

prescribed set of criteria.  The evaluation results are used to compare alternatives and identify key 
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tradeoffs between the options, as well as to provide a basis for regulatory agency and public review of 

potential remediation alternatives for the site. 

 

6.4  CRITERIA FOR DETAILED ANALYSIS 

 

In accordance with the NCP and CERCLA guidance, the detailed analysis of alternatives was conducted 

in accordance with nine evaluation criteria.  These criteria are divided into three groups: threshold criteria 

related to statutory requirements; balancing criteria that are technical in nature; and modifying criteria 

that are formally assessed following a public review and comment period.  The criteria used to support 

the detailed analysis are presented in Section 4.0.  The aspects of each criterion with respect to shoreline 

and nearshore marine sediment are presented as following: 

 

Overall Protection of Human Health and the Environment: The primary concern, and one of the statutory 

requirements in remedy selection, is the overall protection of human health and the environment.  The 

evaluation of protection is based on the ability of the remedy to eliminate, reduce, or control current and 

potential future exposure risks to human and ecological receptors through each applicable exposure 

pathway. This protection may be in the form of treatment, engineering controls, and/or institutional 

controls.  The overall assessment of protection draws on assessments conducted under other evaluation 

criteria, especially long-term effectiveness and permanence, short-term effectiveness, and compliance 

with ARARs.  Furthermore, evaluation of protection considers short-term risks or cross-media impacts 

posed by implementation of a remedy. 

 

This criterion will be used to evaluate the effectiveness of each alternative in eliminating, reducing, or 

controlling human health and environmental risks at the nearshore (includes shoreline) sediment.  The 

effectiveness issues related to alternatives for the marine sediment will be based on human health risks 

(wading in shoreline sediment) and environmental risks to marine biota. 

 

Compliance with ARARs: Compliance with ARARs is one of the statutory requirements for selection of a 

remedy.  This evaluation criterion is used to determine whether each alternative will meet all of its 

respective ARARs or whether justification exists for one of the six ARAR waivers allowed under 

CERCLA.  Chemical-, location-, and action-specific ARARs are reviewed as they apply to each 

alternative.  Alternatives are refined, as necessary, to ensure compliance with these requirements. 

 

This criterion will be used to evaluate each alternative in complying with chemical-, location-, and action-

specific federal and state ARARs and TBCs for protection of human health and the environment. 

Alternatives requiring sediment removal coupled with subsequent disposal or treatment activities will also 

be evaluated for compliance with action-specific ARARs related to sediment handling, sediment 
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treatment and/or disposal, as well as treatment and discharge of water generated from sediment 

dewatering activities. 

 

Long-Term Effectiveness and Permanence: Alternatives are assessed in terms of their long-term 

effectiveness and degree of permanence in offering protection of human health and the environment 

following implementation.  The evaluation focuses on the extent and effectiveness of controls required to 

manage risks remaining on the site following completion of the remedial action.  The analysis considers 

the magnitude of risks to human and ecological receptors from residuals (untreated waste or treatment 

by-products) remaining on site at the completion of remedial activities, the adequacy of engineering 

and/or institutional controls to manage residuals, the reliability of the controls to provide continued 

protection from residuals, and potential needs to maintain and/or replace technical components of an 

alternative. 

 

This criterion will be used to evaluate each alternative for its ability to manage risks remaining on site 

following implementation.  The no action, limited action, and removal alternatives will be evaluated 

based on future risks associated with leaving contaminated sediment on site.  The removal alternatives 

will be evaluated in relation to the management of residuals formed as a result of sediment excavation 

operations, dewatering activities, and disposal.  Evaluation of alternatives will further address potential 

risks associated with residuals following sediment treatment. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment: Alternatives are evaluated to address the 

statutory preference for remedies that employ treatment as a principal element to reduce toxicity, 

mobility, or volume of hazardous substances.  The evaluation focuses on the following factors: 

 

•  Treatment processes employed by the remedy, as well as the materials they will treat. 

•  Amount of hazardous materials to be destroyed or treated. 

•  Degree of expected reduction in toxicity, mobility, or volume, including how the principal 

threats will be addressed. 

•  Degree to which the treatment will be irreversible. 

•  Type and quantity of treatment residuals that remain following treatment. 

•  Whether the alternative satisfies the statutory preference for treatment as a principal 

element. 

 

This criterion will be used to evaluate the effectiveness of alternatives for their ability to reduce mobility 

and/or their effectiveness in reducing risks through natural attenuation processes or removal with off-site 

disposal. 
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Short-Term Effectiveness: The short-term effectiveness criterion assesses potential effects to human 

health and the environment during the construction and implementation phase of a remedy until remedial 

response objectives are met.  The analysis includes considering protection of both the community and 

on-site workers during remedial activities, environmental impacts that may result from construction or 

implementation activities, the reliability of measures to be taken to prevent or reduce potential impacts, 

and an estimation of time required to meet remedial response objectives. 

 

This criterion will be used to evaluate each alternative for its ability to protect human health and the 

environment during implementation, as well as during any associated long-term monitoring activities. 

While the no action alternatives require no implementation activities, limited action alternatives will be 

evaluated for the protection they offer during implementation of institutional controls, access restrictions, 

and long-term monitoring.  Evaluation of the remaining alternatives will address sediment removal and 

dewatering activities.  The time required for each alternative to reach the sediment cleanup goals will 

also be assessed. 

  

Implementability: Implementability considerations include the technical and administrative feasibility of 

implementing an alternative, as well as the availability of goods and services on which the viability of the 

alternative depends.  These considerations often affect the timeliness of undertaking an alternative. 

   

Technical feasibility issues include: 

 

•  Ability to construct and operate an alternative as a whole 

•  Likelihood of a technology to meet specified process efficiencies and performance goals 

•  Ease of undertaking any required future remedial actions  

•  Ability to monitor the effectiveness of the remedy 

 

Administrative feasibility deals with the activities needed and time required to coordinate with various 

federal, state, and local agencies in obtaining any necessary approvals and permits for off-site activities. 

 

Issues related to the availability of goods and services include: 

 

•  Accessibility of adequate capacity and location of needed treatment, storage, and disposal 

services. 

•  Ease in obtaining necessary equipment and specialists, and provisions to ensure any 

additional resources. 

•  Timing and availability of technologies under consideration. 

•  Availability of services and materials, plus the potential for obtaining competitive bids. 
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These issues will be reviewed to evaluate the implementability of each remedial alternative.  Issues will 

also be evaluated for both the ease of implementation and associated time frame required to coordinate 

subcontractors, activities, and required regulatory approvals. 

 

Cost: This criterion encompasses all capital outlays, as well as O&M costs incurred over the lifetime of 

the remedial action.  The detailed analysis of costs associated with each alternative will be based on 

accurate cost estimates and a net present worth cost analysis for a 30-year performance period.  The 30 

year period is evaluated because not all the alternatives have a 30 year life. 

 

State Acceptance: State acceptance, an ongoing concern throughout the remedial process, reflects the 

statutory requirement to provide for substantial and meaningful state involvement.  State acceptance 

must be considered during remedy selection. 

 

This criterion will not be evaluated until RIDEM has reviewed and provided comments on the FS report.  

Therefore, this criterion will not be included in the detailed analysis. 

 

Community Acceptance: Community acceptance refers to the issues and concerns of “all interested 

parties,” as they relate to each of the alternatives under consideration.  Community acceptance must be 

considered during remedy selection. 

 

This criterion will not be evaluated until the Restoration Advisory Board (RAB) has reviewed and 

provided comments on the FS report and the public has been invited to ask questions and share their 

concerns during the public comment period.  Therefore, this criterion will not be included in the detailed 

analysis. 

 

6.5  INDIVIDUAL ANALYSES OF MARINE SEDIMENT ALTERNATIVES 

 

Five remedial alternatives were developed for the marine sediment to address risks to human health 

(wading and direct contact) and the environment associated with contaminants in the sediment. Sections 

6.2.1 through 6.2.5 contain brief descriptions of each alternative and describe the individual analyses of 

these alternatives.  A summary of the analyses is presented in Table 6-2. 

 

6.5.1  Sediment Alternative 1: No Action 

 

Consideration of a no action alternative is required under the NCP.  At a minimum, it provides a baseline 

for comparison with other alternatives.  This alternative would involve no remedial response activities 

with respect to impacted nearshore sediment at the site.  No containment, removal, or treatment of 
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contaminated sediment would be conducted, and no erosion control actions would be implemented to 

prevent potential migration of contaminated sediment into Narragansett Bay and connecting waterways. 

The alternative would provide no mechanism to reduce potential risks to human health or the 

environment.  Because contaminated sediment would remain on site and unlimited use of the nearshore 

area would be allowed, a 5-year review of site conditions and risks would be required under the NCP. 

 

An analysis of this alternative with respect to the evaluation criteria is as follows: 

 

Overall Protection of Human Health and the Environment: This alternative would not achieve the RAOs 

for protection of human health and the environment identified in Section 2.0.  It would offer no additional 

protection of human health and the environment because it would not address potential risks through the 

elimination, reduction, or control of exposures to impacted sediment.  Contaminated sediment would not 

be contained or removed, and no access restrictions would be installed to discourage future access to 

the area for recreational use.  Potential risks to human health and the environment at levels estimated in 

the RI (TtNUS, 2001) would remain at the site.  Therefore, 5-year reviews would be conducted, as 

required by CERCLA, to assess changing site conditions and potential risks.  Results of the reviews 

would be used to determine the need to implement future remedial actions at the site. 

 

Compliance with ARARs: Tables 6-3, 6-4, and 6-5 summarize chemical-, location-, and action-specific 

ARARs and TBCs, respectively, for Alternative 1.  This alternative fails to meet chemical-specific ARARs 

because it does not address sediment exceeding PRGs that were derived from federal and state water 

quality standards.  Several non-promulgated criteria (TBCs) were used in assessing human health risks 

and developing sediment PRGs.  Since no action is to be taken under this alternative, there are no state 

or federal location-specific or action-specific ARARs or TBCs. 

 

Long-Term Effectiveness and Permanence: Existing restrictions on access would continue to provide 

some long-term protection of human health for the foreseeable future, as long as the controls remain in 

effect and are implemented effectively.  The no action alternative would offer no additional long-term 

effectiveness or permanence in addressing sediment contamination at the site.  The existing risks to 

human health and the environment would remain, and no controls would be provided to manage future 

exposures to sediment contaminants.  Potential contaminant migration pathways would not be 

addressed, and contaminated sediment could migrate to adjacent marine environments.  Because of the 

risk associated with leaving contaminated sediment on site, 5-year reviews would be required. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment: This alternative would not include any 

sediment treatment processes and would not involve removal of contaminated sediment.  Therefore, the 

alternative would offer no reduction in toxicity, mobility, or volume of contamination through treatment. 
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Short-Term Effectiveness: Since no remedial activities are associated with implementation of this 

alternative, no short-term effects would occur.  No increase or reduction in short-term risks would be 

offered to the local community, base personnel, or the environment.  RAOs for protection of human 

health and the environment would not be achieved by this alternative. 

 

Implementability: This alternative would require no implementation other than completion of the 5-year 

reviews.  This activity would not require any permits, but it may require a minimal amount of coordination 

between regulatory agencies.  Implementation of the no action alternative would not limit future 

implementation of additional remedial actions at the site, if deemed necessary. 

 

Cost: A detailed estimate of capital, O&M, and present-worth costs for Alternative 1 is provided in 

Appendix F and is summarized below.  Present-worth costs were developed for a 30-year period at a 3.9 

percent discount rate. 

 

Cost Description Estimated Cost 

Capital Costs $0 

O&M/Long-Term Monitoring $0 

5-Year Reviews $22,000/5 years 

Present Worth $70,000 

 

6.5.2  Sediment Alternative 2: Limited Action 

 

Alternative 2 is provided as an interim measure that will limit potential risks to human health through the 

placement of shoreline fencing, signs, and a perimeter buoy system.  A long-term monitoring program 

and 5-year reviews would be conducted to evaluate risks to human health and the environment posed by 

the site.   This alternative would provide no direct remedial response activities.  No containment, 

removal, and/or treatment of contaminated marine sediment would be conducted. For the purposes of 

costing, it was assumed that annual monitoring would be conducted for the first 5 years, and then the 

sampling frequency would be reduced from annually to every 5 years.  The actual monitoring frequency 

would be determined by the Navy and regulatory agencies based on the monitoring results and 5-year 

reviews.  An analysis of this alternative with respect to the evaluation criteria is as follows: 

 

Overall Protection of Human Health and the Environment: This alternative would provide a limited 

degree of protection of human health by discouraging access to, and use of, the impacted beach areas. 

Through the placement of fencing, signs, and a perimeter buoy system, this alternative would increase 

public awareness of the hazards associated with the contaminated sediment in the area, thereby 
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discouraging and reducing shoreline use.  The effectiveness of the access restrictions would depend on 

individual compliance with the restrictions and Navy and state enforcement of these restrictions on Navy 

and state-owned property, respectively. 

 

As an interim measure, this alternative will document any changes to sediment quality following the 

removal of the suspected source of the COCs.  This alternative would provide no direct protection 

against potential disruption and/or migration of contaminated sediment due to wave or storm action, and 

it would not reduce risks to ecological receptors.  However, by monitoring changes over time, the 

alternative provides an opportunity to document reduction of contaminant concentrations following 

source removal without removal of the habitat present. 

 

Implementation of the long-term monitoring program would not provide protection of either human health 

or the environment, although, through annual monitoring, it would document changes in sediment quality 

that may affect future exposure risks.  Because contaminants would remain at the site, 5-year reviews 

would be conducted to assess changing site conditions and potential risks.  As an interim measure, 

results of the monitoring could be used to determine the need to implement other alternatives for future 

remedial actions at the site or change the required frequency of long-term monitoring events. 

 

This alternative would partially meet RAOs for protection of human health by limiting human exposure to 

the contaminated beach sediment.  This alternative does not meet the RAOs for the protection of the 

environment, though it protects the benthic community from immediate destruction. 

 

Compliance with ARARs: Tables 6-6, 6-7, and 6-8 summarize chemical-, location-, and action-specific 

ARARs and TBCs, respectively, for Alternative 2.  This alternative fails to meet chemical-specific ARARs 

because it does not prevent exposure to sediment exceeding PRGs that were derived from federal and 

state water quality standards.  Several non-promulgated criteria (TBCs) were used in assessing human 

health risks and developing sediment PRGs. 

 

Federal and state location-specific ARARs for this alternative include wetland and floodplain regulations, 

as well as coastal resource management, endangered species, fish and wildlife protection, and historic 

preservation regulations.  Alternative 2 does not satisfy federal ARARs for the protection of wetlands and 

floodplains because the action to be taken does not address the risk to the wetland and floodplain 

environment posed by the contamination.  Additionally, state hazardous waste standards for facilities 

within a floodplain are not satisfied.  Any actions taken under this alternative (installation of fencing and 

buoys, and monitoring) that would affect the resources protected by these regulations would be 

conducted in accordance with the substantive requirements of the regulations. 
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Long-Term Effectiveness and Permanence: Because this alternative is an interim action, long term 

effectiveness and permanence would not be defined until a final decision is reached.  If monitoring 

indicates not removal actions are required, then the limited action alternative will provide protection of 

the ecological community from being temporarily destroyed by dredging.  However, if removal of the 

source area has no positive impact on the sediments and excavation is required, then the limited action 

alternative would provide no long-term protection of ecological receptors or the environment and would 

have to be replaced with a more active alternative.  Ecological receptors would continue to be exposed 

to contaminants in sediment and porewater, potential contaminant migration pathways would not be 

addressed, and contaminated sediment could migrate to adjacent marine environments.  Since 

contaminated sediment would remain on site above levels allowing for unlimited use and unrestricted 

exposure, annual monitoring and 5-year reviews of this alternative would be required to evaluate the 

effectiveness of the alternative. 

 

Effectiveness of protection of human health under this alternative would rely on physical barriers, 

warning signs, and use restrictions to limit access to the impacted sediment and thereby reduce human 

risk associated with direct contact.  Although the shoreline fencing and a perimeter buoy system would 

help to minimize access, they may not be totally effective in prohibiting access to the area of concern. 

Regular maintenance and periodic replacement of the fencing and buoys by the Navy would be 

necessary to ensure their long-term effectiveness in deterring access and warning the public of the 

potential hazards.  Restrictions on recreational use of the shoreline would require long-term enforcement 

by the state and the Navy to ensure their protectiveness. 

 

Reduction in Toxicity, Mobility, or Volume through Treatment: This alternative would not include any 

sediment treatment processes.  Therefore, the limited action alternative would offer no reduction in 

contaminant toxicity, mobility, or volume through treatment. 

 

Short-Term Effectiveness: As stated above, short term effectiveness will depend on outcome of the 

monitoring.  A very slight increase in short-term risks could potentially result from the implementation of 

this alternative.  Installation of the shoreline fencing and signs could result in minimal suspension and 

migration of contaminated sediment around the boundaries of the designated beach and nearshore area. 

However, common engineering controls (the use of silt fences, silt curtains, and/or other features) would 

leave any potential short-term impacts nearly negligible.  Potential exposures of on-site workers to 

contaminated sediment during installation activities would be limited through the use of PPE.  There 

would also be potential short-term impacts to workers associated with annual monitoring activities.  

These would be addressed through proper use of PPE and by using proper handling, storage, and 

disposal procedures for potentially contaminated sediment samples. 
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On-site installation activities are estimated to require less than 1 month.  Each annual monitoring activity 

would require less than 1 week.  RAOs associated with preventing risks to human health would be 

partially addressed when installation of fencing, signs, and buoys is complete, but RAOs for protection of 

the environment would not be achieved. 

 

Implementability: Implementation of this alternative would involve installing shoreline fencing, signs, and 

a perimeter buoy system and completing a long-term monitoring program and 5-year reviews. 

 

The purchase and deployment of buoys and installation of shoreline fencing and signs would be easily 

implemented given the availability of qualified contractors, marine supplies, and boats within the Newport 

area. Consistent enforcement of the shoreline access restrictions as well as long-term maintenance of 

the fencing and buoy system by the Navy would be required.  Because the buoys and a portion of the 

fence would be installed on state-owned land below the high tide line, coordination with the State of 

Rhode Island would be required for placing fencing and buoys and enforcing access restrictions 

prohibiting recreational use of the shoreline. 

 

The establishment of a long-term monitoring program to assess sediment quality would be easily 

implemented, given the availability of consulting/environmental firms and laboratories qualified to 

conduct such activities. These activities may require some coordination with regulatory agencies. 

 

Implementation of the limited action alternative would not impede execution of future remedial actions at 

the site, if deemed necessary. 

 

Cost: A detailed estimate of capital, O&M, and present-worth costs for Alternative 2 is provided in 

Appendix F and is summarized below.  Present-worth costs were developed for a 30-year period at a 3.9 

percent discount rate. 

 

Cost Description Estimated Cost 
Capital Costs $10,000 
O&M/Long-Term Monitoring $70,000/year (years 1-5 and 5-year 

intervals) 
 
$9,000/year (other years) 

5-Year Reviews $22,000/5 years 
Present Worth $653,000 

 

6.5.3  Sediment Alternative 3:  Limited Removal and Disposal (Beach Area) 

 

Alternative 3 involves removing contaminated marine sediment along the beach (intertidal) area.  

Sediment within the nearshore (subtidal) areas would be monitored on a long term basis to determine if 
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the onshore and beach removal actions result in a reduction of COC concentrations in sediment to meet 

PRG levels.  The monitoring aspects would be similar to those presented for Alternative 2.  Excavated 

sediment would be disposed of at a TSDF.  This alternative would limit potential risks to human health 

and the environment through implementation of monitoring and limited removal and disposal of 

contaminated sediment. 

 

Contaminated sediment and debris removed as part of this remedial action would be screened and 

segregated in a dedicated staging area.  All trash and debris such as steel and concrete would be sent 

for recycling or disposal.  Any large debris to be sent off site for recycling or disposal would first be 

decontaminated in accordance with relevant hazardous waste standards.  Long-term monitoring would be 

conducted for the sediment in the nearshore areas. 

 

An analysis of this alternative with respect to the evaluation criteria is as follows: 

 

Overall Protection of Human Health and the Environment: Alternative 3 would achieve RAOs for 

protection of human health and the environment to some extent by removing and properly disposing of a 

portion of the contaminated sediment and monitoring the remaining contaminated sediment.  This 

alternative also protects the eelgrass beds.  The removal of 5,716 cy, or 94 percent of the contaminated 

sediment exceeding PRGs, would decrease the volume and the lateral extent of contaminants remaining 

in the area, thereby providing additional protection to human health and the environment. 

 

Implementation of this alternative would result in some increased short-term risks, including the 

destruction of existing biota within the impacted area and suspension of contaminated sediment. 

However, these impacts would be at least partially mitigated through proper implementation of turbidity 

control measures and selection of appropriate backfill materials.  Excavation would temporarily destroy 

the benthic community in the filled area below the high tide line.  The proposed fill design would assist 

natural restoration of these communities by providing a habitat structure that would promote colonization 

of the species indigenous to the area.  Natural recolonization of the area would occur as waterborne 

algae spores and animal larvae are swept into the area by tidal currents and wave action.  It is 

anticipated that the benthic community destroyed by the remedial action would be reestablished within 

1 to 4 years.  In addition, habitats adjacent to the site may be affected by turbidity.  These habitats would 

have to be monitored to determine the need for mitigation measures. 

 

Damage to the eelgrass beds is expected to be slight (principally due to increased turbidity caused by 

resuspension of sediment during excavation along the beach).  Because the sediment in the beach area 

is relatively coarse and operations in the area near the eelgrass beds would be conducted over a 
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relatively short duration, standard turbidity control measures such as silt curtains are expected to 

effectively control turbidity and minimize damage to the eelgrass beds. 

 

There would also be increased short-term risks to on-site workers from potential exposures to 

contaminated sediment during excavation and handling activities.  There may also be some risks 

associated with disposal of the excavated materials.  These risks would be minimized through the use of 

PPE and proper safety procedures. 

 

Implementation of the long-term monitoring program would allow assessment of changes in sediment 

quality. Five-year reviews would be conducted to assess site conditions and potential risks.  Results 

would be used to determine whether additional remedial actions are needed at the site. 

 

Compliance with ARARs: Tables 6-9, 6-10, and 6-11 summarize chemical-, location-, and action-specific 

ARARs and TBCs, respectively, for Alternative 3.  This alternative would not completely comply with 

federal and state chemical-specific ARARs (water quality standards) used to derive sediment PRGs at all 

locations because about 6 percent of the total contaminated sediment would be still in place.   

 

Implementation of Alternative 3 would meet all other state and federal location-specific ARARs by 

conducting the activities in accordance with applicable and relevant and appropriate floodplain, wetland, 

coastal resource management, endangered species, fish and wildlife protection, and historic preservation 

regulations and by coordinating with appropriate agencies to find ways to minimize adverse effects to 

fish, wildlife, endangered species, and historic sites.  ARARs require that the alternative chosen be the 

least damaging practicable alternative.  To satisfy the Clean Water Act (CWA) Section 404 

requirements, damaged marine habitats would have to be restored. 

 

Alternative 3 would be conducted in accordance with all identified state and federal action-specific 

ARARs. The action-specific ARARs identified for this alternative include RCRA requirements for 

identifying, listing, and disposing of hazardous wastes; CWA requirements for discharges to surface 

water; and CAA requirements for emissions monitoring of dewatering processes. 

 

Long-Term Effectiveness and Permanence: Alternative 3 would partially eliminate the risks to potential 

human health and ecological receptors posed by exposure to contaminated marine sediment and 

porewater.  Ecological risk would still exist from contaminated sediment left around the eelgrass areas. 

 

The long-term monitoring program (which would include annual sediment and biota monitoring) would be 

conducted to ensure that contaminated sediment concentrations are decreasing after the source removal 

and that the remediated areas are not being recontaminated.  Since contaminated sediment would 
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remain on site above levels allowing for unlimited use and unrestricted exposure, monitoring and 5-year 

reviews would be required to evaluate the protectiveness of the remedy. 

 

Reduction in Toxicity, Mobility, or Volume through Treatment: Alternative 3 would not include treatment; 

therefore, it would provide no reduction in the toxicity, mobility, or volume of contaminants through 

treatment.  

 

Short-Term Effectiveness: Implementation of Alternative 3 would result in increases in short-term risks to 

human and ecological receptors due to disruption and handling of contaminated sediment during site 

preparation and sediment removal.  Potential exposures of on-site workers to contaminated sediment 

during excavation and handling activities would be minimized through the use of PPE and proper safety 

procedures. The time required to reach the remedial action objectives is estimated at 3 to 4 months. 

 

Resuspension of contaminated sediment would occur during the excavation operations.  Migration and 

resettling of suspended sediment may harm marine biota and enlarge the area impacted by site 

contaminants. Engineering controls, such as silt curtains, would minimize potential environmental 

impacts associated with contaminant migration; however, adverse effects may not be completely 

eliminated.  Additional data regarding sediment grain size and excavation techniques are needed to 

predict the degree of effectiveness of sedimentation controls. 

 

Excavation would remove the resident shellfish and temporarily disrupt the marine habitat in the 

excavated areas along the beach below the high tide line.  Because the resident shellfish would be 

removed, the area would not function as a feeding area for some marine organisms, birds, and 

mammals, and it would not serve product export functions such as provision of nutrients for other 

systems.  The lost functions and values of the habitat would not be completely replaced until the benthic 

community was fully reestablished.  Placement of fill materials similar to the existing sand/gravel/rock 

substrate of the area would provide a foundation for reestablishment of the benthic community, serving 

as a habitat for plants and animals to root and breed. Natural recolonization of the area would occur as 

waterborne algae spores and animal larvae were continually swept into the area by tidal currents and 

wave action. 

 

The natural restoration of the area may take several years to complete.  However, observations in a 

nearby site, McAllister Point Landfill, indicate that natural restoration of the benthic community in the 

area occurs at a fairly rapid pace (in about 2 years) (TtNUS, 1999).  Based on these observations and 

recovery reported for similar habitats it is anticipated that the benthic community destroyed by the 

remedial action would be reestablished within 1 to 4 years.  In addition, habitats adjacent to the site may 
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be temporarily affected by turbidity produced during excavation activities.  These habitats would have to 

be monitored to determine the need for mitigation measures. 

 

Damage to the eelgrass beds is expected to be slight because excavation would be carried out on the 

beach away from these areas.  Standard turbidity control measures such as silt curtains are expected to 

effectively control turbidity and minimize damage to the eelgrass beds. 

 

Implementability: Implementation of Alternative 3 would require significant efforts, both administratively 

and technically.  The complexity of implementation is a function of the location of the area to be 

excavated.  All of the area along the beach would be able to be accessed by standard excavation 

equipment and a port-a-dam structure to control water. 

 

Implementation of this alternative would require qualified contractors with personnel trained in hazardous 

waste site operations, who are qualified to handle contaminated sediment excavation, grading, and 

erosion control operations in a marine environment and who are capable of completing construction in a 

timely and effective manner.  Wave action, the influence of local currents and tides, and weather 

conditions could result in scheduling delays related to site accessibility. 

 

Implementation of this alternative would require coordination with regulatory agencies regarding marine 

excavation and filling operations; water treatment and discharge from sediment dewatering activities into 

the bay; materials handling/off-base disposal issues; and potential effects on fisheries, endangered 

species, and the marine habitat.  Agreements with regulatory agencies would have to be reached 

regarding mitigation for altering marine habitats and establishing the periods for excavation and filling 

activities along the beach. Obtaining agreements with regulatory agencies is not expected to pose a 

problem.  The State of Rhode Island generally requires dredging projects to be conducted between 

November 1 and January 15 to protect sensitive species.  The Navy will investigate the use of marine 

habitats on site by sensitive species to determine potential impacts from excavating during different 

times of the year. 

 

If it is determined that material would be suitable for disposal in RCRA Subtitle D solid waste facilities, 

multiple facilities, including local landfills such as Central Landfill in Johnston, Rhode Island, would likely 

be able to accept the material.  Otherwise, disposal would take place at a permitted TSDF. 

 

Performing long-term monitoring to assess sediment quality would be easily implementable, given the 

availability of consulting/environmental firms and laboratories qualified to conduct such activities.  These 

activities may require coordination with regulatory agencies. 
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Implementation of the removal and disposal alternative would not limit future implementation of 

additional remedial actions at the site. 

 

Cost: A detailed estimate of capital, O&M, and present-worth costs for Alternative 3 is provided in 

Appendix F and is summarized below.  Present-worth costs were developed for a 30-year period at a 3.9 

percent discount rate.  The results of the detailed cost estimate are presented below. 

 

Cost Description Estimated Cost 
Capital Costs $3,032,000 
O&M/Long-Term Monitoring $73,000/year (years 1 through 5 and 5-

year intervals thereafter) 
 

5-Year Reviews $22,000/5 years 
Present Worth $3,605,000 

 

6.5.4  Sediment Alternative 4:  Removal and Disposal Option A 

 

Alternative 4 involves removing contaminated marine sediment at all locations except those areas with 

eelgrass beds.  Sediment associated with eelgrass beds would be monitored on a long-term basis to 

determine if the onshore removal actions result in a reduction of COC concentrations in sediment to 

meet PRG levels.  The monitoring aspects would be similar to those presented for Alternative 3.  

Excavated sediment would be disposed of at a TSDF.  This alternative would limit potential risks to 

human health and the environment through implementation of monitoring and limited removal and 

disposal of contaminated sediment. 

 

At a technical meeting held on May 30, 2002, the Navy and regulatory review parties discussed the value 

of excavation of the contaminants within the eelgrass areas that exceed PRGs versus the value that this 

habitat provides to the local ecological communities.  At that meeting it was determined that if additional 

sediment samples support the findings regarding concentrations of COCs present and areal extent of 

those COCs above PRGs, then the eelgrass should not be interrupted for the sake of removing those 

contaminants exceeding PRGs.  However, if the areal extent is found to be larger, or the concentrations 

are found to be higher, then the issue will have to be revisited.  

 

Contaminated sediment and debris removed as part of this remedial action would be screened and 

segregated in a dedicated staging area.  All trash and debris such as steel and concrete would be sent 

for recycling or disposal.  Any large debris to be sent off site for recycling or disposal would first be 

decontaminated in accordance with relevant hazardous waste standards.  Long-term monitoring would be 

conducted for the sediment in the eelgrass beds. 
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An analysis of this alternative with respect to the evaluation criteria is as follows: 

 

Overall Protection of Human Health and the Environment: Alternative 4 would achieve RAOs for 

protection of human health and the environment to some extent by removing and properly disposing of 

the majority of the contaminated sediment and monitoring the remaining contaminated sediment.  This 

alternative also protects the eelgrass beds.  The removal of 5,930 cy, or 98 percent of the contaminated 

sediment exceeding PRGs, would decrease the volume and the lateral extent of contaminants remaining 

in the area, thereby providing additional protection to human health and the environment. 

 

Implementation of this alternative would result in some increased short-term risks, including the 

destruction of existing biota within the impacted area and suspension of contaminated sediment. 

However, these impacts would be at least partially mitigated through proper implementation of turbidity 

control measures and selection of appropriate backfill materials.  Excavation would temporarily destroy 

the benthic community in the affected area below the high tide line.  The proposed fill design would 

assist natural restoration of these communities by providing a habitat structure that would promote 

colonization of the species indigenous to the area.  Natural recolonization of the area would occur as 

waterborne algae spores and animal larvae are swept into the area by tidal currents and wave action.  It 

is anticipated that the benthic community destroyed by the remedial action would be reestablished within 

1 to 4 years.  In addition, habitats adjacent to the site may be affected by turbidity.  These habitats would 

have to be monitored to determine the need for mitigation measures. 

 

Damage to the eelgrass beds is expected to be slight (principally due to increased turbidity caused by 

resuspension of sediment during excavation around the beds).  Because the sediment in the beach and 

nearshore areas is relatively coarse and operations in the area adjacent to the eelgrass beds would be 

conducted over a relatively short duration, standard turbidity control measures such as silt curtains are 

expected to effectively control turbidity and minimize damage to the eelgrass beds. 

 

There would also be increased short-term risks to on-site workers from potential exposures to 

contaminated sediment during excavation and handling activities.  There may also be some risks 

associated with disposal of the excavated materials.  These risks would be minimized through the use of 

PPE and proper safety procedures. 

 

Implementation of the long-term monitoring program would allow assessment of changes in sediment 

quality. Five-year reviews would be conducted to assess site conditions and potential risks.  Results 

would be used to determine whether additional remedial actions are needed at the site. 
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Compliance with ARARs: Tables 6-12, 6-13, and 6-14 summarize chemical-, location-, and action-

specific ARARs and TBCs, respectively, for Alternative 4.  This alternative would not comply with federal 

and state chemical-specific ARARs (water quality standards) used to derive sediment PRGs at all 

locations because less than 2 percent of the total contaminated sediment would be still in place 

 

Implementation of Alternative 4 would meet all other state and federal location-specific ARARs by 

conducting the activities in accordance with applicable and relevant and appropriate floodplain, wetland, 

coastal resource management, endangered species, fish and wildlife protection, and historic preservation 

regulations and by coordinating with appropriate agencies to find ways to minimize adverse effects to 

fish, wildlife, endangered species, and historic sites.  However, if ARARs cause more harm than benefit 

derived from implementing the ARARs, the ARARs may be waived.  To satisfy the Clean Water Act 

(CWA) Section 404 requirements, damaged marine habitats would have to be restored. 

 

Alternative 4 would be conducted in accordance with all identified state and federal action-specific 

ARARs. The action-specific ARARs identified for this alternative include RCRA requirements for 

identifying, listing, and disposing of hazardous wastes; CWA requirements for discharges to surface 

water; and CAA requirements for emissions monitoring of dewatering processes. 

 

Long-Term Effectiveness and Permanence: Alternative 4 would partially eliminate the risks to potential 

human health and ecological receptors posed by exposure to contaminated marine sediment and 

porewater.  Ecological risk would still exist from contaminated sediment left around the eelgrass areas. 

 

The long-term monitoring program (which would include annual sediment and biota monitoring) would be 

conducted to ensure that the remediated areas are not being recontaminated.  Since contaminated 

sediment would remain on site above levels allowing for unlimited use and unrestricted exposure, 

monitoring and 5-year reviews would be required to evaluate the protectiveness of the remedy. 

 

Reduction in Toxicity, Mobility, or Volume through Treatment: Alternative 4 would not include treatment; 

therefore, it would provide no reduction in the toxicity, mobility, or volume of contaminants through 

treatment.  

 

Short-Term Effectiveness: Implementation of Alternative 4 would result in increases in short-term risks to 

human and ecological receptors due to disruption and handling of contaminated sediment during site 

preparation and sediment removal.  Potential exposures of on-site workers to contaminated sediment 

during excavation and handling activities would be minimized through the use of PPE and proper safety 

procedures.  The time required to reach the remedial action objectives is estimated at 6 to 8 months. 
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Resuspension of contaminated sediment would occur during the excavation operations.  Migration and 

resettling of suspended sediment may harm marine biota and enlarge the area impacted by site 

contaminants. Engineering controls, such as silt curtains, would minimize potential environmental 

impacts associated with contaminant migration; however, adverse effects may not be completely 

eliminated.  Additional data regarding sediment grain size and excavation techniques are needed to 

predict the degree of effectiveness of sedimentation controls. 

 

Excavation would remove the resident plants and shellfish and temporarily disrupt the marine habitat in 

the excavated areas below the high tide line.  Because the resident plants and shellfish would be 

removed, the area would not function as a feeding area for some marine organisms, birds, and 

mammals, and it would not serve product export functions such as provision of nutrients for other 

systems.  The lost functions and values of the habitat would not be completely replaced until the benthic 

community was fully reestablished. Placement of fill materials similar to the existing sand/gravel/rock 

substrate of the area would provide a foundation for reestablishment of the benthic community, serving 

as a habitat for plants and animals to root and breed. Natural recolonization of the area would occur as 

waterborne algae spores and animal larvae were continually swept into the area by tidal currents and 

wave action. 

 

The rehabitation of the area may take several years to complete.  However, observations in a nearby 

site, McAllister Point Landfill, indicate that natural rehabitation of the benthic community in the area 

occurs at a fairly rapid pace (in about 2 years) (TtNUS, 1999).  Based on these observations and 

recovery reported for similar habitats it is anticipated that the benthic community destroyed by the 

remedial action would be reestablished within 1 to 4 years.  In addition, habitats adjacent to the site may 

be temporarily affected by turbidity produced during excavation activities.  These habitats would have to 

be monitored to determine the need for mitigation measures. 

 

Damage to the eelgrass beds is expected to be slight because excavation would not be carried out in the 

beds. Standard turbidity control measures such as silt curtains are expected to effectively control 

turbidity and minimize damage to the eelgrass beds. 

 

Implementability: Implementation of Alternative 4 would require significant efforts, both administratively 

and technically.  The complexity of implementation is a function of the location of the area to be 

excavated.  All of the areas, including those reached via the temporary excavator causeway, would be 

able to be accessed by a long arm trackhoe. 

 

Implementation of this alternative would require qualified contractors with personnel trained in hazardous 

waste site operations, who are qualified to handle contaminated sediment excavation, grading, and 
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erosion control operations in an aqueous environment and who are capable of completing construction in 

a timely and effective manner.  Wave action, the influence of local currents and tides, and weather 

conditions could result in scheduling delays related to site accessibility. 

 

Implementation of this alternative would require coordination with regulatory agencies regarding marine 

excavation and filling operations; water treatment and discharge from sediment dewatering activities into 

the bay; materials handling/off-base disposal issues; and potential effects on fisheries, endangered 

species, and the marine habitat.  Agreements with regulatory agencies would have to be reached 

regarding mitigation for altering marine habitats and establishing the periods for excavation and filling 

activities in the bay.  Obtaining agreements with regulatory agencies is not expected to pose a problem. 

The State of Rhode Island generally requires dredging projects to be conducted between November 1 

and January 15 to protect sensitive species. The Navy will investigate the use of marine habitats on site 

by sensitive species to determine potential impacts from excavating during different times of the year. 

 

If it is determined that material would be suitable for disposal in RCRA Subtitle D solid waste facilities, 

multiple facilities, including local landfills such as Central Landfill in Johnston, Rhode Island, would likely 

be able to accept the material.  Otherwise, disposal would take place at a permitted TSDF. 

 

Performing long-term monitoring to assess sediment quality would be easily implementable, given the 

availability of consulting/environmental firms and laboratories qualified to conduct such activities.  These 

activities may require coordination with regulatory agencies. 

 

Implementation of the removal and disposal alternative would not limit future implementation of 

additional remedial actions at the site. 

 

Cost: A detailed estimate of capital, O&M, and present-worth costs for Alternative 4 is provided in 

Appendix F and is summarized below.  Present-worth costs were developed for a 30-year period at a 3.9 

percent discount rate.  The results of the detailed cost estimate are presented below. 

 

Cost Description Estimated Cost 
Capital Costs $3,496,000 
O&M/Long-Term Monitoring $52,000/year (years 1 through 5 and 5-year 

intervals thereafter) 
 

5-Year Reviews $22,000/5 years 
Present Worth $3,922,000 
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6.5.5  Sediment Alternative 5: Removal and Disposal Option B 

 

Alternative 5 includes removal of all contaminated sediment exceeding PRGs including in areas with 

eelgrass beds, dewatering the removed materials, treating and discharging dewatering fluids to the bay, 

disposing of the solids in the appropriately permitted off-base TSDF, refilling the excavated area back to 

the original grade, and restoration of the damaged eelgrass beds.  These actions would eliminate 

potential risks to human health and the environment by removing contaminated sediment from the beach 

and nearshore areas and disposing of it in appropriately secured facilities. 

 

Evaluation of the existing analytical data indicates that most of the sediment has contaminant levels low 

enough that it likely does not require disposal as a hazardous waste.  Removed material would be tested 

to determine whether it should be disposed of in a TSDF or a RCRA Subtitle D solid waste facility. 

 

Long-term operation and maintenance would not be required because all contaminants exceeding the 

PRGs would be removed from the beach and nearshore areas.  However, long term monitoring would be 

required to assure the remediated areas are not being recontaminated.  Additionally, periodic inspections 

of the area to verify marine habitat recovery would be included in the monitoring program. 

 

An analysis of this alternative with respect to the evaluation criteria is as follows: 

 

Overall Protection of Human Health and the Environment: Alternative 5 would achieve RAOs for 

protection of human health and the environment by removing and appropriately disposing of 

contaminated sediment, thereby preventing potential exposure to and migration of impacted sediment.  

Removal activities would eliminate potential risks to human health and prevent risks to ecological 

receptors posed by exposure to contaminated marine sediment. 

 

Because all sediment with contaminant concentrations exceeding the recommended PRGs would be 

removed from the shoreline and nearshore areas, long-term protection and permanence of the 

alternative would ultimately depend on the treatment at the TSDF. 

 

Implementation of this alternative would result in some increased short-term risks, including the 

temporary destruction of the existing benthic community within the removal area and suspension of 

contaminated sediment, which could impact the benthic community in the surrounding area.  These 

impacts may be partially mitigated through proper implementation of turbidity control measures and 

selection of appropriate backfill materials.  Sediment removal and backfilling would temporarily destroy 

the benthic community in the area below the high tide line.  The proposed backfill material would assist 

natural restoration of these communities by providing habitat structure that would promote colonization 
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by the species indigenous to the area.  Natural recolonization of the area would occur as waterborne 

algae spores and animal larvae are swept into the area by tidal currents and wave action.  Based on the 

studies at similar sites, it is anticipated that the benthic community destroyed by the remedial action 

would be reestablished within 1 to 4 years.  In addition, habitats adjacent to the site may be temporarily 

affected by turbidity produced during excavation activities.  These habitats would have to be monitored 

to determine the need for mitigation measures. 

 

Removal activities would impact eelgrass beds located near sample location SD-410.  During the PDI, if 

it is concluded that the eelgrass beds would suffer significant damage, it may be necessary to reconsider 

this alternative and evaluate assisted restoration. 

 

There would also be increased short-term risks to on-site workers from potential exposures to 

contaminated sediment during excavation and handling activities.  These risks would be minimized 

through the use of PPE and proper safety procedures. 

 

Implementation of the long-term monitoring program would allow assessment of the restoration of the 

marine habitat and any changes in sediment quality, and a 5-year review would allow assessment of site 

conditions and potential risks.  The results of monitoring and 5-year reviews would be used to determine 

whether additional remedial actions are needed at the site and whether long-term monitoring and 5-year 

reviews may be discontinued. 

 

Compliance with ARARs: Tables 6-12, 6-13, and 6-14 summarize chemical-, location-, and action-

specific ARARs and TBCs, respectively, for Alternative 5.  This alternative would comply with federal 

and state chemical-specific ARARs (water quality standards) used to derive sediment PRGs because 

sediment exceeding the PRGs derived from these standards would be removed by excavation. 

 

Implementation of Alternative 5 would meet all state and federal location-specific ARARs by conducting 

the activities in accordance with floodplain and wetland regulations, as well as coastal resource 

management, endangered species, fish and wildlife protection, and historic preservation regulations and 

by coordinating with appropriate agencies to find ways to identify and minimize adverse effects to fish, 

wildlife, endangered species, and historic sites. 

 

Alternative 5 would be conducted in accordance with all identified state and federal action-specific 

ARARs. The action-specific ARARs identified for this alternative include RCRA requirements for 

identifying, listing, and disposing of hazardous wastes; CWA requirements for discharging to surface 

water; and CAA requirements for monitoring emissions of dewatering processes. 
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Long-Term Effectiveness and Permanence: Alternative 5 would eliminate the potential human health 

risks and risks to ecological receptors posed by exposure to contaminated marine sediment and 

porewater.  The risk reduction offered by this alternative would be accomplished through removing the 

contaminated sediment from the beach and nearshore areas, thereby permanently eliminating the risks 

posed by these materials.  Disposal, or treatment and disposal, of contaminated sediment would 

eliminate the need for long-term management of untreated sediment within the nearshore area.  The 

long-term effectiveness of this alternative would depend on the long-term management and integrity of 

the disposal facilities. Long term monitoring would be conducted to assure that the remediated areas are 

not being recontaminated. 

 

Reduction in Toxicity, Mobility, or Volume Through Treatment: Alternative 5 would not use treatment to 

reduce the toxicity, mobility, or volume at the site so very little overall reduction in contaminant toxicity, 

mobility, or volume would be offered.  

 

Short-Term Effectiveness: Implementation of Alternative 5 would result in increased short-term risks to 

human and ecological receptors due to the disruption of the contaminated sediment during remedial 

activities. Potential exposures of on-site workers to impacted sediment during excavating and handling 

activities would be minimized through the use of PPE and proper workplace safety practices.  Ecological 

risks are not as easily mitigated.  Adjacent areas may be impacted by migrating sediment.  All of the 

benthic community in the removal area will be temporarily destroyed.  The time required to reach the 

remedial action objectives is estimated at 6 to 8 months. 

 

Resuspension of contaminated sediment would occur during the excavation operations.  Migration and 

resettling of suspended sediment may harm marine biota and enlarge the area impacted by site 

contaminants.  Engineering controls, such as silt curtains, would minimize potential environmental 

impacts associated with contaminant migration; however, adverse effects may not be completely 

eliminated.  Additional data regarding sediment grain size and excavation techniques are needed to 

predict the degree of effectiveness of sedimentation controls. 

 

Excavation would remove the resident plants and shellfish and temporarily remove the benthic 

community in the excavated and filled areas below the high tide line.  Some of the habitat functions and 

values would be temporarily lost as a result of the remedial actions.  The remediation area would 

temporarily cease to function as a feeding area for some marine organisms, birds, or mammals, and it 

would not serve product export functions such as provision of nutrients for other systems.  The lost 

functions and values of the habitat would not be completely replaced until the benthic community was 

fully reestablished. Placement of fill materials similar to the existing sand/gravel/rock substrate of the 

area would provide a foundation for reestablishment of the benthic community, serving as a habitat for 
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plants and animals to root and breed.  Natural recolonization of the area would occur as waterborne 

algae spores and animal larvae were continually swept into the area by tidal currents and wave action. 

 

The natural restoration of the area may take several years to complete.  However, observations from 

similar sites indicate that natural restoration of the benthic community occurs at a fairly rapid pace 

(TtNUS, 1999). Based on these observations and recovery reported for similar habitats, it is anticipated 

that the benthic community would be reestablished within 1 to 4 years. 

 

Sediment removal activities would destroy a small area of eelgrass beds.  It may be necessary to 

consider assisted restoration for this area.  Monitoring of adjacent areas would be conducted to 

determine the need for any mitigation measures. 

 

Implementability: Implementation of Alternative 5 would require significant efforts, both administratively 

and technically.  The complexity of implementation is a function of the location of the area to be 

excavated and backfilled and the depth and nature of the materials to be removed.  The excavation 

would be implemented by land-based equipment using a trackhoe with long reach arm or through use of 

suction dredging equipment.  Access for conventional equipment in the deeper areas near SD-410 would 

be through a temporary excavator causeway that would be constructed in the nearshore zone, however, 

even a temporary feature such as this may change hydrodynamics enough to cause scouring in the 

nearby eelgrass areas, indicating a need for use of suction dredging in this area.  This will be determined 

following the predesign investigation during the remedial work plan stage. 

 

Implementation of this alternative would require qualified contractors with personnel trained in hazardous 

waste site operations, who are qualified to handle contaminated sediment excavation, grading, and 

erosion control operations in an aqueous environment and who are capable of completing construction in 

a timely and effective manner.  Wave action, the influence of local currents and tides, and weather 

conditions could result in scheduling delays related to site accessibility. 

 

Implementation of the sediment dewatering and water treatment operations may also increase the 

complexity of implementing this alternative.  The nature and grain size distribution of the sediment could 

greatly impact the success of the proposed gravity separation process. 

 

Implementation of this alternative would require coordinating with regulatory agencies regarding marine 

excavation and filling operations; water treatment and discharge from sediment dewatering activities into 

the bay; materials handling/off-base disposal issues; and potential effects on fisheries, endangered 

species, and the marine habitat.  Agreements with regulatory agencies would have to be reached 

regarding mitigation for altering marine habitats and establishing the periods for excavation and filling 
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activities in the bay.  Obtaining agreements with regulatory agencies is not expected to pose a problem.  

The State of Rhode Island generally requires dredging projects to be conducted between November 1 

and January 15 to protect sensitive species. The Navy will investigate the use of marine habitats on site 

by sensitive species to determine potential impacts from excavating during different times of the year. 

 

If it is determined that the excavated material would be suitable for disposal in RCRA Subtitle D solid 

waste facilities, multiple facilities, including local landfills such as Central Landfill in Johnston, Rhode 

Island, would likely be able to accept the material.  Otherwise, disposal would take place at a permitted 

TSDF. 

 

Natural restoration of eelgrass is readily implementable because natural recovery is the main process 

employed.  Eelgrass is present in healthy stands in the subtidal area, indicating that conditions are 

appropriate for recovery and growth.  Assisted restoration of the eelgrass, if required, would be more 

difficult.  Should this action be necessary, further restoration options would be evaluated employing 

habitat modifications that would structurally enhance eelgrass restoration, e.g., sand bottom and flatness. 

This effort would rely on the experience gained in other restoration projects for optimal location and 

restoration procedures. 

 

Performing long-term monitoring to assess sediment quality would be easily implementable, given the 

availability of consulting/environmental firms and laboratories qualified to conduct such activities.  These 

activities may require coordination with regulatory agencies. 

 

Implementation of the removal and disposal alternative would not limit future implementation of 

additional remedial actions at the site. 

 

Cost: A detailed estimate of capital, O&M, and present-worth costs for Alternative 5 is provided in 

Appendix F and is summarized below.  Present-worth costs were developed for a 30-year period at a 3.9 

percent discount rate. 

 

Cost Description Estimated Cost 
Capital Costs $3,775,000 
O&M/Long-Term Monitoring $44,000/year (years 1 through  5, and 

every 5 years thereafter) 
 

  
Present Worth $4,095,000 
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6.6  COMPARATIVE ANALYSIS OF SEDIMENT ALTERNATIVES 

 

A comparative analysis is conducted to evaluate the significant differences between alternatives based 

on the threshold and balancing criteria.  This analysis is provided below and summarized in Table 6-15. 

 

Overall Protection of Human Health and the Environment: Because no actions would be taken under 

Alternative 1, this alternative would provide no additional protection of human health or the environment. 

Existing risks would remain to human health and to marine biota from contact with sediment 

contaminants. In addition, no mechanism would be in place to prevent erosion and subsequent migration 

of the contaminants into Narragansett Bay and connecting waterways. 

 

Alternative 2 would provide limited protection of human health through implementation of access 

restrictions to discourage use of the site for recreation, while providing temporary protection to the 

marine receptors from removal, but no protection form existing COCs.  However, as an interim measure, 

the need to protect the ecological receptors from COCs will be periodically evaluated and another 

alternative may be selected for implementation at a later date. 

 

Alternative 3 would provide higher overall protection compared to Alternatives 1 and 2 mainly due to 

removing 5,716 cy of contaminated sediment and disposing in a secured landfill.  This would result in a 

smaller area and volume of contaminated sediment remaining in the area.  Alternatives 4 and 5 would 

also provide a high level of overall protection, because 98 percent of the contaminated sediment would 

be removed under Alternative 4, and all contaminated sediment would be removed in Alternative 5.  All 

three of the action alternatives permanently reduce risks to human health associated with contaminated 

sediment through removal. Alternative 5 eliminates the need for long-term receptor monitoring because 

all the contaminated sediment would be removed.  However, monitoring to assure affected areas do not 

become decontaminated will still be required.  The short-term impacts to the marine environment would 

be somewhat greater for Alternatives 4 and 5 than Alternative 3 because of the additional excavation 

required.  Habitat restoration would likely occur in the same time frame for all three action alternatives. 

 

Excavation in Alternatives 3 and 4 would protect eelgrass beds, because none of the sediment in the 

beds would be removed and engineering controls would be used to minimize sediment migration.  Under 

Alternative 5, approximately 0.05 acre of eelgrass beds would be impacted because of the excavation. 

Natural restoration of the eelgrass beds would occur in Alternative 5.  The healthy stands of eelgrass 

present in the subtidal area indicate that conditions are appropriate for recovery and growth, although the 

process may be slow.  Assisted restoration, if required, would be more difficult. 
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RAOs would not be achieved under Alternative 1.  RAOs associated with preventing risks to human 

health would be addressed by installing fencing, signs, and buoys under Alternative 2, but RAOs for 

protection of the environment would only be achieved if the source removal results in a reduction of 

contaminants exceeding the ecological PRGs.  Alternatives 3 and 4 would achieve success for protecting 

human health and additional partial success in protecting the environment.  Alternative 5 would achieve 

RAOs for the protection of human health and the environment, but would result in the destruction of a 

section of eelgrass beds. 

 

Compliance with ARARs: Alternatives 1 and 2 would fail to meet chemical-specific ARARs (water quality 

standards) used to derive sediment PRGs because they do not adequately address sediment exceeding 

PRGs. 

 

Alternative 3 would comply with federal and state chemical-specific ARARs used to derive sediment 

PRGs only if the onshore removal action results in a decrease in the concentrations of the COCs in the 

sediment in the nearshore areas.  Alternative 4 would comply if the onshore removal action results in a 

decrease the COC concentrations in the 0.05-acre eelgrass area. 

 

Alternative 5 would comply with federal and state chemical-specific ARARs used to derive sediment 

PRGs because all sediment exceeding the PRGs derived from these standards would be removed by 

excavation.  For all five alternatives, several non-promulgated criteria (TBCs) were used in assessing 

human health risks and developing sediment PRGs. 

 

There are no location-specific or action-specific ARARs for Alternative 1.  Alternative 2 does not satisfy 

federal location-specific ARARs for the protection of wetlands and floodplains. 

 

Alternatives 3 and 4 would meet all state and federal location-specific ARARs and all state and federal 

action-specific ARARs by conducting the activities in accordance with the identified requirements.  To 

satisfy the CWA Section 404 requirements, damaged marine habitats would have to be restored; no 

permanent losses would be anticipated.  Alternatives 3 and 4 would protect eelgrass beds; however, they 

require long-term monitoring of contaminated sediment associated with the beds.  Alternative 5 would 

excavate all areas of contamination including those associated with eelgrass beds and restore the 

eelgrass beds after remediation is complete. 

 

Long-Term Effectiveness and Permanence: Alternative 1 would provide no additional long-term 

effectiveness and permanence in addressing sediment contamination at the site.  Risks to environmental 

receptors would not be reduced.  This no action alternative, along with the limited action (Alternative 2) 

and limited removal (Alternative 3) alternatives, would require 5-year reviews since the contaminated 
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sediment would remain on site.  Alternative 4 would also require 5-year reviews for the contaminated 

sediment that would remain in the small area of eelgrass. 

 

Confirmation of permanence of alternatives that are based on removal of sediment requires monitoring, 

as there is the potential for sediment movement to cause recontamination of the action areas.  For 

instance, the PRGs that apply to the intertidal area are lower than those for the subtidal areas are.  

Therefore, subtidal contaminants that are moved to the intertidal area after remedial actions may bring 

the concentrations back to an actionable level.  Monitoring after removal actions will attempt to address 

this possibility. 

 

Alternative 2 would provide limited effectiveness in minimizing human health risks by 

discouraging/deterring and therefore reducing site access due to the placement of physical barriers and 

use restrictions. However, it would not be effective in preventing human health risks without proper 

enforcement of the existing use and access restrictions.  Properly enforced, Alternative 2 would be 

effective in reducing human health exposures, but it would only be effective in limiting any potentially 

adverse environmental impacts if the source removal action reduces contaminant presence in this area.  

However, as an interim action, the need to implement an alternative with direct action will be evaluated 

regularly. 

 

Alternative 3 would provide a higher level of long-term effectiveness than would Alternative 2.  By 

removing a significant portion of the contaminated sediment, future risks to human health and the 

ecological receptors would be minimized.  Since limited removal of contaminated sediment in this 

alternative would decrease the area and volume of contaminated sediment remaining, long-term risks 

would be lower than for Alternative 2, which removes no contaminated sediment.  Alternative 4 would 

provide even better long-term effectiveness than Alternatives 2 and 3 because 98 percent of the 

contaminated sediment is removed. 

 

Alternative 5 would be the most effective alternative in eliminating long-term risks to human health and 

the environment by removing the contaminated media from the marine environment.  Provided that all 

sediment with contaminant concentrations above the PRGs is removed from the area, this alternative 

would not require long-term monitoring and 5-year reviews.  However, a section of the protected eelgrass 

beds would be destroyed under this alternative.  Although habitat restoration could be implemented if 

necessary, similar efforts have been met with limited success at other sites in Narragansett Bay in the 

past. 
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Reduction in Toxicity, Mobility, or Volume through Treatment:  None of the alternatives would provide 

any reduction of toxicity, mobility, or volume through treatment, since none of the alternatives proposed 

involve treatment. 

  

Short-Term Effectiveness: The no action alternative would offer no change in short-term risks.  For 

alternative 2, the benthic community would be protected from destruction until monitoring data 

demonstrates removal of the source area does not provide long term protection to the sediments and 

additional removal actions are warranted.  Following implementation (1 to 2 months), RAOs associated 

with minimizing human health risks would be partially achieved, but impacts to environmental receptors 

from existing COCs would not be addressed. 

 

Alternative 3 would potentially result in increases in short-term risks due to disruption and suspension of 

contaminated sediment during site preparation and limited sediment removal activities, estimated to 

require 2 months.  However, measures to minimize and/or contain sediment suspension would reduce 

short-term risks to the marine environment by limiting discharge to offshore waters, and the use of PPE 

would protect on-site workers from potential exposures.  Intertidal and subtidal marine habitat functions 

and values would be temporarily lost during sediment removal.  The lost functions and values would not 

be completely replaced until the benthic community in the area is fully reestablished through natural 

recolonization (an estimated 1 to 4 years), assisted by the placement of appropriate substrate.  Following 

implementation (3 to 4 months), RAOs associated with minimizing risks to human health would be 

achieved.  RAOs associated with protecting the environment would be achieved after disturbed habitats 

were restored. 

 

Implementation of Alternatives 4 and 5 would result in short-term human and environmental risks from 

excavation and handling operations.  Proper use of PPE would minimize human risks from direct contact 

with contaminated media.  Engineering controls would minimize, but may not eliminate, environmental 

impacts caused by sediment resuspension during removal of contaminated sediment and debris. 

Intertidal and subtidal benthic habitat functions and values would be temporarily lost during excavation 

and filling and would not be completely replaced until the benthic community in the area is fully 

re-established through natural recolonization (an estimated 1 to 4 years), assisted by placement of 

appropriate substrate.  Under Alternative 5, the eelgrass beds would need to be reestablished.  Following 

implementation (6 to 8 months), RAOs associated with minimizing risks to human health would be 

achieved.  RAOs associated with protecting the environment would be achieved after disturbed habitats 

were restored. 

 

Implementability: The no action alternative is the most readily implementable; it would require no 

construction activities.  Implementation would include completing the 5-year reviews only.  Furthermore, 
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implementation would not limit the ease of undertaking future remedial actions at the site, if deemed 

necessary. 

 

Limited actions associated with Alternative 2 would also be readily implemented.  Technical feasibility 

issues would be minimal, since they would only include sampling activities for long-term monitoring and 

limited construction activities for installation of fencing and placement of buoys.  Administrative 

feasibility would require some initial coordination/agreement between the landowner (US Navy) and with 

the owner of the intertidal zone, the State of Rhode Island, to establish access restrictions.  Perhaps, 

however, the most cumbersome component in implementing this alternative is providing continual 

enforcement of the access and use restrictions on state-owned land and the continued maintenance of 

the fencing and buoy system, which would be required to ensure protection of human health.  It is 

anticipated that the Navy will cover all costs for this effort and the State of Rhode Island will only require 

notification of the existing restrictions.  Implementation would not limit conducting future remedial actions 

at the site, if deemed necessary. 

 

Implementation of Alternatives 3, 4, and 5 would be more difficult due to removal of contaminated 

sediment. Site preparation and excavation would be affected by access limitations.  These alternatives 

would also result in temporary loss of marine habitat that would require restoration.  Natural restoration 

would be implemented by placement of appropriate substrate and restoration to the original grade. 

 

Implementation of Alternatives 2 through 5 would all require similar coordination with regulatory agencies 

regarding potential effects on fisheries, endangered species, and the marine habitat; and marine 

excavation (Alternatives 3, 4, and 5 only).  Agreements would have to be reached with regulatory 

agencies regarding mitigation for altering marine habitats, restoring eelgrass beds (for Alternative 5 

only), and establishing the periods for excavation and filling activities in the bay. 
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Cost: Capital, O&M, present worth costs for the five sediment alternatives are summarized as follows: 

 

Costs Alternative 1 
No Action 

Alternative 2 
Limited Action 

Alternative 3 
Limited 

Removal and 
Disposal 

(Beach Area) 

Alternative 4 
Removal and 

Disposal 
Option A 

Alternative 5 
Removal and 

Disposal 
Option B 

Capital $0 $10,000 $3,032,000 $3,421,000 $3,590,000 

O&M/ 
Long-Term 
Monitoring 

$0 $70,000/year (years 
1-5 and 5-year 
intervals) 
 
$9,000/year (other 
years) 

$73,000/year 
(years 1-5 and 5-
year intervals)  
 
$0/year (other 
years) 

$52,000/year(year
s 1-5 and 5-year 
intervals)  
 
$0/year (other 
years) 

$44,000/year 
(years 1-5 and 5-
year intervals)  
 
$0/year (other 
years) 

5-Year 
Reviews 

$22,000/5 
years 

$22,000/5 years $22,000/5 years $22,000/5 years $22,000/5 years 

PRESENT 
WORTH  

$70,000 $653,000 $3,605,000 $3,922,000 $4,095,000 
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TABLE 1-1
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR SOIL

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Media Scenario/Receptor RME or 
CTE

Media >1E-04 
or HI>1

Total Cancer 
Risks

Total 
Noncancer 

Risks
On-Site Current/Future RME NO 2.44E-06 0.0658

Surface soils Child Recreational User
Current/Future RME NO 2.02E-06 0.0221

Youth Recreational User
Current/Future RME NO 9.32E-07 0.00487

Adult Recreational User
Current/Future RME NO 5.40E-06

Lifetime Recreational User
Future RME NO 1.61E-05 0.299

Child Resident
Future RME NO 8.75E-06 0.0411

Adult Resident
Future RME NO 2.48E-05

Lifetime Resident
On-Site Future RME NO 2.57E-05 0.661

Subsurface soils Child Resident
Future RME NO 1.41E-05 0.0865

Adult Resident
Future RME NO 3.98E-05

Lifetime Resident
Future RME NO 1.38E-06 0.232

Adult Excavation Worker

 
RME- Reasonable Maximum Exposure
CTE- Central Tendency Exposure



TABLE 1-2
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR SEDIMENT

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Media Scenario/Receptor RME or 
CTE

Media >1E-04 
or HI>1

Total Cancer 
Risks

Total 
Noncancer 

Risks
Shoreline Future RME NO 1.17E-05 0.164
Sediment Child Resident

Future RME NO 1.05E-05 0.0235
Adult Resident

Future RME NO 2.22E-05
Lifetime Resident

Current/Future RME NO 4.43E-07 0.00949
Child (Age 1-4) Shoreline Visitor

Current/Future RME NO 6.79E-07 0.00569
Youth (Age 5-12) Shoreline Visitor

Current/Future RME NO 1.12E-06
Youth (Age 1-12) Shoreline Visitor

Lobster Future RME YES 1.41E-03 27.2
Adult Subsistence Fisherman CTE 5.28E-04 27.2

Future RME YES 2.94E-05 2.27
Child Recreational User

Future RME YES 8.45E-05 1.63
Adult Recreational User

Future RME YES 1.14E-04
Lifetime Recreational User CTE 4.15E-05

Clams Future RME YES 1.72E-03 33.1
Adult Subsistence Fisherman CTE 6.45E-04 27.7

Future RME YES 3.59E-05 2.78
Child Recreational User CTE 1.20E-05 2.31

Future RME YES 1.03E-04 2
Adult Recreational User CTE 3.87E-05 1.66

Future RME YES 1.39E-04
Lifetime Recreational User CTE 5.07E-05

Blue Mussels Future RME YES 4.36E-04 24.5
Adult Subsistence Fisherman CTE 1.64E-04 21.9

Future RME YES 9.11E-06 2.05
Child Recreational User

Future RME YES 2.62E-05 1.47
Adult Recreational User

Future RME NO 3.53E-05
Lifetime Recreational User

RME- Reasonable Maximum Exposure
CTE- Central Tendency Exposure



TABLE 1-3
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR GROUNDWATER

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Media Scenario/Receptor RME or 
CTE

Media >1E-04 
or HI>1

Total Cancer 
Risks

Total 
Noncancer 

Risks
On-Site Future RME YES 4.92E-04 62.2

Groundwater Child Resident
Future RME YES 8.03E-04 52

Adult Resident
Future RME YES 1.29E-03 NC

Lifetime Resident
Future CTE YES 9.66E-06 10.6

Child Resident
Future CTE YES 1.56E-05 42.2

Adult Resident
Future CTE YES 2.56E-05 NC

Lifetime Resident

 
RME- Reasonable Maximum Exposure
CTE- Central Tendency Exposure
NC - Not Calculated



TABLE 2-1 
POTENTIAL CHEMICAL-SPECIFIC ARARs AND TBCs 

FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
 
 

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION 
Federal 
Regulatory 
Requirements 

EPA Region IX Risk-
Based Concentrations 
(Oct 1997) 

To Be 
Considered 

Risk Based Concentrations (RBCs) are human-
health-based allowable exposure guidance levels 
developed for carcinogenic and non-carcinogenic 
compounds, using reference doses and 
carcinogenic potency slopes obtained from 
EPA’s Integrated Risk Information System (IRIS) 
database, EPA’s Health Effects Assessment 
Summary Tables (HEAST), and standard 
exposure scenarios.  RBCs are chemical 
concentrations corresponding to a fixed level of 
risk in various media. 

RBCs from Region III are used in the RI and 
future data will be compared with Region IX for  
human health risk evaluation to identify and 
select contaminants of potential concern. 

 EPA Human Health 
Assessment Cancer Slope 
Factors (CSFs). 

To Be 
Considered 

These are guidance values used to evaluate the 
potential carcinogenic hazard caused by 
exposure to contaminants. 

 
Will be used to compute the individual 
incremental cancer risk resulting from exposure 
to carcinogenic contaminants in site media. 

  
Clean Water Act, Section 
304 
 
33 USC 1314; 40 CFR 
122.44 

Relevant and 
Appropriate 

Establish Ambient Water Quality Criteria 
(AWQC): Guidelines established for the 
protection of human health and/or the aquatic 
organisms. 

These standards are relevant and appropriate 
for sediment PRGs derived using these water 
quality criteria.  Sediments exceeding PRGs 
must be adequately addressed to meet these 
standards. 

 OSWER Directive 9200.4-
26, Approaches for 
Addressing Dioxins in Soil 
at CERCLA and RCRA 
Sites (Apr. 13, 1998) 

To Be 
Considered 

This Directive provides guidance in establishing 
cleanup levels for dioxins.  A 1 µg/kg (ppb) 
concentration of dioxins (as 2,3,7,8-TCDD TE) 
has been established for surficial soils involving 
residential exposure scenarios.  A cleanup range 
of 5 to 20 µg/kg of dioxin (as 2,3,7,8-TCDD TE) 
has been established for commercial and 
industrial exposure scenarios. 
 
 

This OSWER policy aids in the establishment of 
dioxin PRGs for soil and sediment to be used in 
the remedial action. 
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION 
State 
Regulatory 
Requirements 

State of Rhode Island 
Rules and Regulations for 
the Investigation and 
Remediation of 
Hazardous Material 
Releases (Short Title: 
Remediation 
Regulations), CRIR 12-
180-001, Section 8; DEM-
DSR-01-93, as amended 
August 1996 

Relevant and 
Appropriate 

These regulations set remediation standards for 
contaminated media at non-NPL sites in Rhode 
Island.  These standards may also be 
determined to be relevant and appropriate for 
NPL sites when they are more stringent than 
federal standards. 

The Remediation Regulations are used in the 
establishment of PRGs for soil to be used in 
the remedial action. 

 Water Pollution Control. 
RIGL 46-12 et seq.; 
ENVM 112-88.97-1 

Relevant and 
Appropriate 

 
Establishes water use classification and water 
quality criteria for waters of the state.  Also 
establishes acute and chronic water quality 
criteria for the protection of aquatic life. 

 
These standards are relevant and appropriate 
for sediment PRGs derived using these water 
quality criteria.  Sediments exceeding PRGs 
must be adequately addressed to meet these 
standards. 

 State of Rhode Island 
Rules and Regulations for 
Hazardous Waste 
Management, DEM-
DAHM-WMB-01-92, as 
amended April 1992 

Applicable These regulations are intended to minimize 
environmental hazards associated with the 
generation, transportation, treatment, storage, 
and disposal of hazardous wastes. 

The Hazardous Waste Management 
Regulations aid in the establishment of PRGs 
for soil and sediment to be used in the 
remedial action. 

 State of Rhode Island Oil 
Contaminated Soil Policy, 
Division of Air and 
Hazardous Materials 
September 1991 

Applicable This policy statement applies to soil that has 
been contaminated with petroleum products but 
does not meet the definition of a hazardous 
waste.  Material contaminated with virgin 
petroleum products may be processed in state, 
but material contaminated with unknown or 
waste petroleum products must be disposed of 
out of state. 

Soil contaminated with petroleum products 
may be removed from the site and would be 
subject to this policy statement. 

 Rhode Island Air Quality 
Regulations, RIGL 23-23 
et seq.; CRIR 12-31-22 

Applicable Prohibits the emission of contaminants at rates 
that would result in ground level concentrations 
greater than acceptable ambient levels or levels 
as set in the regulations. 

Alternatives may involve treatment of soil.  
Treatment activities will be carried out in a 
manner that will comply with the air quality 
regulations. 

 



 
TABLE 2-2 

POTENTIAL LOCATION-SPECIFIC ARARs AND TBCs 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION 
Federal 
Regulatory 
Requirements 

Floodplain Management (Executive 
Order 11988-40 CFR 6.302(b) and 
Statement of procedures on 
Floodplain Management and 
Wetlands Protection (40 CFR 6, 
App. A)  

Applicable Federal agencies are required to avoid 
impacts associated with the occupancy and 
modification of a floodplain and avoid support 
of floodplain development wherever there is a 
practicable alternative. Requires owner to 
solicit comments regarding how the selected 
remedy meets the standard for being the least 
damaging practicable alternative. 

The expected impacts of each 
alternative will be evaluated, in terms of 
the intent of this provision, and 
considered during the preferred 
alternative selection process.  Adverse 
impacts should be mitigated where 
feasible or necessary.  Comments 
sought through FS, PRAP and ROD 
submittals. 

 Rivers and Harbors Act (33 U.S.C. 
Section 403); Section 10 

Applicable These regulations set forth criteria from the 
Army Corps of Engineers (ACOE) for placing 
dams/structures in navigable waters of the 
United States. 

Excavation, dredging, and habitat 
restoration will comply with the Act's 
substantive environmental standards. 

 Clean Water Act - Section 404(b)(1) 
Guidelines for specification of 
disposal sites for dredged or fill 
material (40 CFR Part 230) 

Applicable These guidelines outline requirements for the 
discharge of dredged or fill materials into 
surface waters. 

Alternatives may involve discharge of 
dredged material and/or excavation of 
marine sediments.  Filling or discharge 
of dredged material will only occur 
where there is no other practicable 
alternative and any adverse impacts will 
be mitigated. 

 Fish and Wildlife Coordination Act 
(16 U.S.C. 661), Fish and Wildlife 
protection (40 CFR Section 
6.302(g)) 

Applicable This regulation requires that any federal 
agency proposing to modify a body of water 
must consult with the U.S. Fish and Wildlife 
Service (USFWS), National Marine Fisheries 
Service, and other related state agencies.  
That federal agency must consult with the 
appropriate government entity and also take 
action to prevent, mitigate, or compensate for 
project-related losses of endangered species, 
fish and wildlife resources. 

Alternatives may modify potential 
endangered species, fish and wildlife 
habitats. All appropriate state and 
federal agencies, such as the USFWS, 
will be consulted to ensure that losses of 
these resources will be prevented, 
mitigated, or compensated. 
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION 

Federal 
Regulatory 
Requirements 
(Cont’d) 

Executive Order 11990 
RE:  Protection of Wetlands 
40 CFR Part 6, Appendix A 

Applicable 
 
This Order requires Federal agencies to take 
action to avoid adversely impacting wetlands 
wherever possible, to minimize wetlands 
destruction and to preserve the values of 
wetlands, and to prescribe procedures to 
implement the policies and procedures of this 
Executive Order. 

Restoration and preservation of the wetlands 
may be altered by the removal action. Actions 
will be conducted so that the wetlands’ natural 
and beneficial values can be realized. 
Implementation of the Order will be 
considered and incorporated into any plan or 
action, wherever feasible. 

 Endangered Species Act 
16 USC 1531 et seq., 50 CFR Part 
200, 50 CFR Part 402 

Applicable 
 
If a location contains a federal endangered or 
threatened species or its critical habitat, and an 
action may impact the species or its habitat, the 
U.S. Fish & Wildlife Service or the National 
Marine Fisheries Service must be consulted. 

 
The federally endangered loggerhead turtle 
(Caretta caretta) and federally threatened 
Kemp’s ridley turtle (Lepidochelys kempii) 
occur in the waters of Narragansett Bay. 
Appropriate agencies will be consulted to find 
ways to minimize adverse effects to the listed 
species and its habitat. 

 
 
National Historic Preservation Act 
16 USC 470 et seq., 26 CFR Part 
800 

Applicable 
 
Requires action to take into account effects on 
properties included on or eligible for the National 
Register of Historic Places and minimizes harm 
to National Historic Landmarks 

 
Historic vessels may be sunken in the area. 
Remedial actions may involve actions that  
might cause potential harm to historic sites. 
Such actions would be prevented. 

 Coastal Zone Management Act (16 
USC Section 1451 et seq.) 

Applicable This act regulates activities affecting the coastal 
zone including lands thereunder and adjacent 
shoreline. 

For remedial actions in a coastal zone, 
requires determination that all activities are 
consistent to the maximum extent practicable 
with the State Coastal Zone Management 
Plan. 
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION 

State Regulatory 
Requirements 

Coastal Resources Management 
RIGL 46-23-1 et seq. 

Applicable 
 
This law creates the Coastal Resources 
Management Council and authorizes 
promulgation of regulations for management 
and protection of coastal resources. 

 
The entire site is located in a coastal 
resource management area, therefore, 
applicable coastal resource 
management requirements need to be 
addressed.  All actions will be 
consistent, to the extent practicable, with 
the Coastal Zone Management Plan. 

 Endangered Species Act, RIGL 20-
37-1 et seq. 

Applicable 
 
Regulates activities affecting state-listed 
endangered or threatened species or their 
critical habitat. 

 
The state listed loggerhead turtle 
(Caretta caretta) and Kemp’s ridley 
turtle (Lepidochelys kempii) occur in the 
waters of Narragansett Bay.  
Appropriate agencies will be consulted 
to find ways to minimize adverse effects 
to the listed species and its habitat. 

 Rhode Island Historical 
Preservation Act, RIGL 42-45 et 
seq. 

Applicable 
 
Requires action to take into account effects on 
properties included on or eligible for the 
National Register of Historic Places and 
minimizes harm to National Historic 
Landmarks 

 
Historic vessels may be sunken in the 
area. Remedial actions may involve 
actions that might cause potential harm 
to historic sites. Such actions would be 
prevented. 

 



TABLE 2-3 
POTENTIAL ACTION-SPECIFIC ARARs AND TBCs 

FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
 
 

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION 

Federal 
Regulatory 
Requirements 

Clean Water Act, Section 
402; EPA administered 
permit programs: the 
NPDES (40 CFR Part 122), 
criteria and standards for 
the NPDES (40 CFR Part 
125), Water quality 
standards (40 CFR Part 
131) 

Applicable Contains discharge limitations, monitoring 
requirements, and best management 
practices.  Substantive requirements under 
NPDES are written such that state and 
federal ambient water quality criteria 
(AWQC) are met.  Permits are required for 
off-site discharges 

Alternatives may involve substantial 
activities in Narragansett Bay, including 
dewatering sediment activities that may 
disturb sediments.  Discharge of any 
contaminated groundwater during soil 
excavation in either a POTW or 
Narragansett Bay will meet applicable 
standards. 

 Clean Air Act (CAA), 
National Emission 
Standards for Hazardous 
Air Pollutants (NESHAPS 

42 USC 7411, 7412; 40 
CFR Part 61 

Applicable 
 
NESHAPS are a set of emission standards 
for specific chemicals, including 
naphthalene, arsenic, cadmium, chromium, 
lead, mercury, nickel, PCBs, DDE, and 
hexachlorobenzene.  Certain activities are 
regulated including site remediation. 

 
Alternatives may involve excavation and 
treatment of soil and sediment.  Monitoring 
of air emissions will be used to assess 
compliance with these standards if 
threshold levels are reached.  Operation 
and maintenance activities will be carried 
out in a manner that will minimize potential 
air releases. 

Hazardous Waste 
Management Act (RI 
General Laws 23-19.1-6, 
23-19.1-7, and 23-19.1-10); 
Section 5, Generators 

Applicable These regulations apply to all generators of 
hazardous waste.  They include 
requirements for identification, storage, 
shipment and labeling of waste. 

Alternatives may involve the generation of 
hazardous waste via excavation, and /or 
generation of contaminated filters or 
treatment byproducts.  Excavation and 
generation of treatment byproducts and 
related activities will comply with this 
regulation.  All excavated soil will be tested 
for hazardous characteristics prior to 
disposal.  If soil or sediment is identified 
through this testing, follow up will be 
conducted to assure hazardous materials 
are removed from the site. 

State 
Regulatory 
Requirements 

Remediation Regulations 
DEM-DSR-01-93 Section 
8.01, A to D. 

To Be Considered Sets levels for monitoring of contaminated 
groundwater when more stringent than 
federal standards. 

Standards were considered in 
development of GW PRGs based on the 
implausible use of the groundwater as a 
water supply. 
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION 

 Water Pollution (RI 
General Laws 46-12), 
Environmental 
Management  (RI General 
Laws 42-17.1, Water 
Quality Regulations (R.I. 
Code R. 112-88.97-1), 
Rule #18  

Applicable Regulations designed to protect state 
surface water resources.  Establishes 
water use classification and water quality 
criteria for waters of the state. 

Alternatives will include provisions for the 
protection of Narragansett Bay where 
construction activities occur in these 
waters.  Remedial actions including 
dredging and filling will be conducted to 
minimize degradation to the bay. 

State 
Regulatory 
Requirements 
(Cont’d) 

Clean Air Act - Emissions 
Detrimental to Persons or 
Property 
RIGL 23-23 et seq.; CRIR 
12-31-07 

Relevant and 
Appropriate 

Prohibits emissions of contaminants 
which may be injurious to humans, 
plant or animal life or cause damage 
to property or which reasonably 
interferes with the enjoyment of life 
and property 

 
Alternatives may involve removal, 
processing, and temporary storage of 
debris, soil, and sediments involving 
the release of contaminants. 

 Clean Air Act - Air Toxics 
 
RIGL 23-23 et seq.; CRIR 
12-31-22 

 
Applicable 

 
Prohibits the emission of specified 
contaminants at rates which would 
result in ground level concentrations 
greater than acceptable ambient levels 
or acceptable ambient levels as set in 
the regulations 

 
Alternatives may involve removal, 
processing, and temporary storage of 
debris, soil, and sediments involving 
the release of contaminants. 

 Clean Air Act - Fugitive 
Dust Control 
RIGL 23-23 et seq.; CRIR 
12-31-05 

Applicable 
 
Requires that reasonable precaution 
be taken to prevent particulate matter 
from becoming airborne. 

 
Alternatives with removal, processing, 
and temporary storage of debris, soil, 
and sediments might generate fugitive 
dust. Controls would be implemented 
to prevent material from becoming 
airborne. 

 Clean Air Act - Air Pollution 
Control 
RIGL 23-23 et seq.; CRIR 
12-31-09 

 
Applicable 

 
Establishes guidelines for the 
construction, installation, or operation 
of potential air emission units.  
Establishes permissible emission rates 
for some contaminants. 

 
Alternatives may involve processing of 
debris, soil, and sediment, and 
treatment of dewatering liquid, 
releasing contaminants and in such 
instances this regulation will be 
complied with.  

 RI Air Pollution Control 
Regulation #5, Fugitive 
Dust 

Applicable Regulations designed to control releases 
of airborne particulate in the State of 
Rhode Island, including those caused by 
earth moving activities.  

Alternatives may include earth-moving 
activities and land clearing where there is 
a possibility of fugitive dust and in such 
instances this regulation will be complied 
with. 

 



TABLE 2-4
RISK-BASED COPC SELECTION FOR SURFACE SOIL

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Parameter Units
Risk-Based 

Conc. 
(cancer)

Risk-Based 
Conc. 

(noncancer)

COPC 
Requiring 

Further 
Consideration?

SURFACE SOILS - SEMIVOLATILE ORGANIC COMPOUNDS RESULTS
4-Chloro-3-Methylphenol ug/kg 3 / 71 140 J No
Benzo(a)anthracene ug/kg 43 / 71 9100 910 Yes
Benzo(a)pyrene ug/kg 42 / 71 7100 91 Yes
Benzo(b)fluoranthene ug/kg 52 / 71 9700 910 Yes
Benzo(k)fluoranthene ug/kg 15 / 71 3500 J 9100 No
Carbazole ug/kg 9 / 65 930 J 33000 No
Chrysene ug/kg 46 / 71 8100 91000 No
Dibenzo(a,h)anthracene ug/kg 11 / 71 610 91 Yes
Indeno(1,2,3-cd)pyrene ug/kg 30 / 71 4100 910 Yes
SURFACE SOILS - PESTICIDES/PCBs RESULTS
Aroclor-1254 ug/kg 2 / 39 530 320 1800 Yes
SURFACE SOILS - METALS RESULTS
Arsenic mg/kg 76 / 76 10.4 0.60 35 Yes
Chromium mg/kg 76 / 76 37.9 150 380 No
Lead mg/kg 75 / 76 2970 400 Yes
Manganese mg/kg 76 / 76 750 9100 No
Nickel mg/kg 66 / 76 221 2500 No
SURFACE SOILS - DIOXINS/FURANS RESULTS
Total 2,3,7,8-TCDD Equivalents ug/kg 7 / 7 0.0164 0.006 Yes

1Chemical selected as COPC requiring further action if the maximum detected
 concentration exceeds either the cancer or noncancer risk-based concentration.
Data qualifiers:
J = estimated

Det. 
Freq.

Maximum 
Detected



TABLE 2-5
RISK-BASED COPC SELECTION FOR SUBSURFACE SOIL

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Parameter Units
Risk-Based 

Conc. 
(cancer)

Risk-Based 
Conc. 

(noncancer)

COPC 
Requiring 

Further 
Consideration?

SUBSURFACE SOILS - SEMIVOLATILE ORGANIC COMPOUNDS RESULTS
4,6-Dinitro-2-Methylphenol ug/kg 1 / 32 320 J No
Benzo(a)anthracene ug/kg 35 / 43 3400 910 Yes
Benzo(a)pyrene ug/kg 32 / 42 4000 91 Yes
Benzo(b)fluoranthene ug/kg 34 / 42 2800    910 Yes
Benzo(k)fluoranthene ug/kg 22 / 43 2500 J 9100 No
Carbazole ug/kg 1 / 21 170 J 33000 No
Chrysene ug/kg 37 / 43 3200 J 91000 No
Dibenzo(a,h)anthracene ug/kg 19 / 37 820 J 91 Yes
Indeno(1,2,3-cd)pyrene ug/kg 29 / 39 2300 J 910 Yes
SUBSURFACE SOILS - PESTICIDES/PCBs RESULTS
delta-BHC ug/kg 1 / 33 2.4 J No
Dieldrin ug/kg 2 / 33 44 J 62 6300 No
SUBSURFACE SOILS - METALS RESULTS
Antimony mg/kg 9 / 39 39.2 J 51 No
Arsenic mg/kg 50 / 50 74.4 J 0.60 36 Yes
Chromium mg/kg 50 / 50 61.9 150 380 No
Lead mg/kg 49 / 49 7820 J 400 Yes
Manganese mg/kg 50 / 50 1110 J 9100 No
Mercury mg/kg 26 / 37 2.2 J 13 No
Vanadium mg/kg 47 / 50 57 880 No
Zinc mg/kg 47 / 50 4240 38000 No

1Chemical selected as COPC requiring further action if the maximum detected
 concentration exceeds either the cancer or noncancer risk-based concentration.
Data qualifiers:
J = estimated

Det. 
Freq.

Maximum 
Detected



TABLE 2-6
RIDEM-BASED COPC SELECTION FOR SURFACE SOIL

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Parameter Units

RIDEM 
Direct 

Exposure 
Residential

RIDEM GB 
Leachability

COPC Requiring 
Further 

Consideration?1

SURFACE SOILS - VOLATILE ORGANIC COMPOUNDS RESULTS
1,1,1-Trichloroethane ug/kg 1 / 67 2 J 540000 160000 No
1,2-Dichloroethene (total) ug/kg 1 / 67 17 630000 60000 No
2-Butanone ug/kg 15 / 67 13 10000000 No
2-Hexanone ug/kg 1 / 67 32 No
Acetone ug/kg 23 / 67 320 J 7800000 No
Bromomethane ug/kg 2 / 67 1 J 800 No
Carbon Disulfide ug/kg 1 / 67 2 J 120000 No
Chloromethane ug/kg 3 / 67 1 J 490 No
Methylene Chloride ug/kg 37 / 67 4 J 45000 No
Tetrachloroethene ug/kg 3 / 67 16 12000 4200 No
Toluene ug/kg 5 / 67 4 J 190000 54000 No
Trichloroethene ug/kg 1 / 67 1 J 13000 20000 No
Vinyl Chloride ug/kg 1 / 67 3 J 20 No
Xylenes (total) ug/kg 6 / 67 3 J 110000 No
SURFACE SOILS - SEMIVOLATILE ORGANIC COMPOUNDS RESULTS
2-Methylnaphthalene ug/kg 9 / 71 660 123000 No
4-Chloro-3-Methylphenol ug/kg 3 / 71 140 J No
9H-Carbazole ug/kg 7 / 33 690    32000 No
Acenaphthene ug/kg 12 / 71 940 43000 No
Acenaphthylene ug/kg 6 / 71 140 J 23000 No
Anthracene ug/kg 21 / 71 3800 35000 No
Benzo(a)anthracene ug/kg 43 / 71 9100 900 Yes
Benzo(a)pyrene ug/kg 42 / 71 7100 400 Yes
Benzo(b)fluoranthene ug/kg 52 / 71 9700 900 Yes
Benzo(g,h,i)perylene ug/kg 29 / 71 4300 800 Yes
Benzo(k)fluoranthene ug/kg 15 / 71 3500 J 900 Yes
bis(2-ethylhexyl)Phthalate ug/kg 15 / 71 3200 J 46000 No
Carbazole ug/kg 9 / 65 930 J 32000 No

Det. 
Freq.

Maximum 
Detected



TABLE 2-6 (cont'd)
RIDEM-BASED COPC SELECTION FOR SURFACE SOIL
FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND
PAGE 2 OF 4

Parameter Units

RIDEM 
Direct 

Exposure 
Residential

RIDEM GB 
Leachability

COPC Requiring 
Further 

Consideration?1

SURFACE SOILS - SEMIVOLATILE ORGANIC COMPOUNDS (continued)
Chrysene ug/kg 46 / 71 8100 400 Yes
di-N-Butylphthalate ug/kg 17 / 71 170 J 7800000 No
di-N-Octylphthalate ug/kg 1 / 71 54 J 1600000 No
Dibenzo(a,h)anthracene ug/kg 11 / 71 610 400 Yes
Dibenzofuran ug/kg 8 / 71 650 164000 No
Fluoranthene ug/kg 56 / 71 15000 20000 No
Fluorene ug/kg 13 / 71 1200 28000 No
Hexachlorobenzene ug/kg 2 / 71 210 J 400 No
Indeno(1,2,3-cd)pyrene ug/kg 30 / 71 4100 900 Yes
N-Nitroso-Diphenylamine ug/kg 1 / 71 150 J 94000 No
Naphthalene ug/kg 7 / 71 740 54000 No
Pentachlorophenol ug/kg 1 / 71 350 5300 No
Phenanthrene ug/kg 45 / 71 9700 40000 No
Phenol ug/kg 1 / 71 60 J 6000000 No
Pyrene ug/kg 59 / 71 12000 13000 No
SURFACE SOILS - PESTICIDES/PCBs RESULTS
4,4'-DDD ug/kg 21 / 39 17 2700 No
4,4'-DDE ug/kg 36 / 39 42 1900 No
4,4'-DDT ug/kg 36 / 39 74 1900 No
Aldrin ug/kg 3 / 39 1.5 J 38 No
alpha-BHC ug/kg 4 / 39 1.7 J 100 No
alpha-Chlordane ug/kg 14 / 39 14 500 No
Aroclor-1254 ug/kg 2 / 39 530 10000 10000 No
beta-BHC ug/kg 3 / 39 0.99 J 340 No
Dieldrin ug/kg 17 / 39 11 J 40 No
Endosulfan I ug/kg 7 / 39 9.4 2300 No
Endosulfan II ug/kg 18 / 39 25 2300 No

Det. 
Freq.

Maximum 
Detected



TABLE 2-6 (cont'd)
RIDEM-BASED COPC SELECTION FOR SURFACE SOIL
FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND
PAGE 3 OF 4

Parameter Units

RIDEM 
Direct 

Exposure 
Residential

RIDEM GB 
Leachability

COPC Requiring 
Further 

Consideration?1

SURFACE SOILS - PESTICIDES/PCBs (continued)
Endosulfan Sulfate ug/kg 11 / 39 33 No
Endrin ug/kg 27 / 39 74 5000 No
Endrin Aldehyde ug/kg 18 / 33 25 NJ No
Endrin Ketone ug/kg 1 / 39 2.9 J No
gamma-BHC ug/kg 9 / 39 2.4 490 No
gamma-Chlordane ug/kg 13 / 39 7.8 500 No
Heptachlor ug/kg 3 / 39 0.74 J 140 No
Heptachlor Epoxide ug/kg 24 / 39 8.1 70 No
Methoxychlor ug/kg 8 / 39 10 J 7800 No
SURFACE SOILS - METALS RESULTS
Antimony mg/kg 10 / 76 9.1 J 10 No
Arsenic mg/kg 76 / 76 10.4 1.7 Yes
Barium mg/kg 72 / 76 282 5500 No
Beryllium mg/kg 60 / 76 0.6 0.4 Yes
Cadmium mg/kg 3 / 76 0.94 39 No
Chromium mg/kg 76 / 76 37.9 390 No
Lead mg/kg 75 / 76 2970 150 Yes
Manganese mg/kg 76 / 76 750 390 Yes
Mercury mg/kg 32 / 76 0.61 23 No
Nickel mg/kg 66 / 76 221 1000 No
Selenium mg/kg 8 / 76 0.66 J 390 No
Silver mg/kg 22 / 76 26.5 J 200 No
Vanadium mg/kg 76 / 76 41.2 550 No
Zinc mg/kg 75 / 76 1910 J 6000 No

Det. 
Freq.

Maximum 
Detected



TABLE 2-6 (cont'd)
RIDEM-BASED COPC SELECTION FOR SURFACE SOIL
FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND
PAGE 4 OF 4

Parameter Units

RIDEM 
Direct 

Exposure 
Residential

RIDEM GB 
Leachability

COPC Requiring 
Further 

Consideration?1

SURFACE SOILS - DIOXINS/FURANS RESULTS
Total 2,3,7,8-TCDD Equivalents ug/kg 7 / 7 0.016388 Yes

1Chemical selected as COPC requiring further action if the maximum detected
 concentration exceeds either the cancer or noncancer risk-based concentration.
Data qualifiers:
J = estimated
NJ = presumptively present at an estimated level

Det. 
Freq.

Maximum 
Detected



TABLE 2-7
RIDEM-BASED COPC SELECTION FOR SUBSURFACE SOIL

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Parameter Units

RIDEM 
Direct 

Exposure 
Residential

RIDEM    GB 
Leachability

COPC Requiring 
Further 

Consideration?1

SUBSURFACE SOILS - VOLATILE ORGANIC COMPOUNDS RESULTS
2-Butanone ug/kg 3 / 37 1100 J 10000000 No
Carbon Disulfide ug/kg 3 / 38 11 120000 No
Chloroethane ug/kg 1 / 35 1 J No
Ethylbenzene ug/kg 3 / 37 630 J 71000 62000 No
Methylene Chloride ug/kg 6 / 53 1800 45000 No
Toluene ug/kg 10 / 39 67 190000 54000 No
Total VOCs ug/kg 3 / 3 3 No
Xylenes (total) ug/kg 5 / 37 1200 110000 No
SUBSURFACE SOILS - SEMIVOLATILE ORGANIC COMPOUNDS RESULTS
2-Methylnaphthalene ug/kg 13 / 35 11000 123000 No
4,6-Dinitro-2-Methylphenol ug/kg 1 / 32 320 J No
9H-Carbazole ug/kg 6 / 12 220 J 32000 No
Acenaphthene ug/kg 14 / 37 4900 43000 No
Acenaphthylene ug/kg 10 / 33 640    23000 No
Anthracene ug/kg 32 / 43 4800 35000 No
Benzo(a)anthracene ug/kg 35 / 43 3400 900 Yes
Benzo(a)pyrene ug/kg 32 / 42 4000 400 Yes
Benzo(b)fluoranthene ug/kg 34 / 42 2800    900 Yes
Benzo(g,h,i)perylene ug/kg 22 / 39 1900 J 800 Yes
Benzo(k)fluoranthene ug/kg 22 / 43 2500 J 900 Yes
Benzoic Acid ug/kg 1 / 2 48 J 340000 No
bis(2-ethylhexyl)Phthalate ug/kg 3 / 44 110 J 46000 No
Butylbenzylphthalate ug/kg 1 / 33 120 J 330000 No
Carbazole ug/kg 1 / 21 170 J 32000 No
Chrysene ug/kg 37 / 43 3200 J 400 Yes
di-N-Butylphthalate ug/kg 3 / 40 1400 * 7800000 No
Dibenzo(a,h)anthracene ug/kg 19 / 37 820 J 400 Yes
Dibenzofuran ug/kg 11 / 34 4000 160000 No

Det. 
Freq.

Maximum 
Detected



TABLE 2-7 (cont'd)
RIDEM-BASED COPC SELECTION FOR SUBSURFACE SOIL
FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND
PAGE 2 OF 3

Parameter Units

RIDEM 
Direct 

Exposure 
Residential

RIDEM    GB 
Leachability

COPC Requiring 
Further 

Consideration?1

SUBSURFACE SOILS - SEMIVOLATILE ORGANIC COMPOUNDS (continued)
Fluoranthene ug/kg 43 / 47 16000 20000 No
Fluorene ug/kg 17 / 36 3400 28000 No
Hexachlorobenzene ug/kg 1 / 33 370 J 400 No
Indeno(1,2,3-cd)pyrene ug/kg 29 / 39 2300 J 900 Yes
Naphthalene ug/kg 10 / 34 4000 54000 No
Phenanthrene ug/kg 43 / 47 14000 40000 No
Phenol ug/kg 3 / 22 490 6000000 No
Pyrene ug/kg 45 / 49 5300 13000 No
Total BNAs ug/kg 8 / 8 20890 No
Total Carcinogenic PAHs ug/kg 4 / 4 3950 No
Total PAHs ug/kg 16 / 16 21100
SUBSURFACE SOILS - PESTICIDES/PCBs RESULTS
4,4'-DDD ug/kg 5 / 33 89 J 2700 No
4,4'-DDE ug/kg 8 / 33 67 J 1900 No
4,4'-DDT ug/kg 11 / 33 370  1900 No
alpha-BHC ug/kg 4 / 33 2.5 J 100 No
alpha-Chlordane ug/kg 2 / 33 10 NJ 500 No
Aroclor-1254 ug/kg 2 / 33 190 J 10000 10000 No
Aroclor-1260 ug/kg 1 / 33 39 J 10000 10000 No
delta-BHC ug/kg 1 / 33 2.4 J No
Dieldrin ug/kg 2 / 33 44 J 40 Yes
Endosulfan I ug/kg 3 / 33 5.4 J 2300 No
Endosulfan II ug/kg 12 / 33 13 J 2300 No
Endosulfan Sulfate ug/kg 3 / 33 17 J No
Endrin ug/kg 6 / 33 120 J 5000 No
Endrin Aldehyde ug/kg 3 / 33 16 J No
gamma-BHC ug/kg 3 / 33 3.1 NJ 490 No

Maximum 
Detected

Det. 
Freq.



TABLE 2-7 (cont'd)
RIDEM-BASED COPC SELECTION FOR SUBSURFACE SOIL
FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND
PAGE 3 OF 3

Parameter Units

RIDEM 
Direct 

Exposure 
Residential

RIDEM    GB 
Leachability

COPC Requiring 
Further 

Consideration?1

SUBSURFACE SOILS - PESTICIDES/PCBs (continued)
gamma-Chlordane ug/kg 3 / 33 2.5 J 500 No
Heptachlor ug/kg 1 / 33 1.4 J 140 No
Heptachlor Epoxide ug/kg 10 / 33 43 70 No
Methoxychlor ug/kg 1 / 33 4 NJ 7800 No
SUBSURFACE SOILS - TOTAL PETROLEUM HYDROCARBONS RESULTS
TPH mg/kg 11 / 14 21000 J 500 2500 Yes
SUBSURFACE SOILS - METALS RESULTS
Antimony mg/kg 9 / 39 39.2 J 10 Yes
Arsenic mg/kg 50 / 50 74.4 J 1.7 Yes
Barium mg/kg 50 / 50 220 5500 No
Beryllium mg/kg 23 / 39 0.48 B1 0.4 Yes
Cadmium mg/kg 11 / 38 8.1 39 No
Chromium mg/kg 50 / 50 61.9 390 No
Lead mg/kg 49 / 49 7820 J 150 Yes
Manganese mg/kg 50 / 50 1110 J 390 Yes
Mercury mg/kg 26 / 37 2.2 J 23 No
Nickel mg/kg 50 / 50 64.1 1000 No
Selenium mg/kg 18 / 40 1.7 B1 390 No
Vanadium mg/kg 47 / 50 57 550 No
Zinc mg/kg 47 / 50 4240 6000 No
1Chemical selected as COPC requiring further action if the maximum detected
 concentration exceeds either the cancer or noncancer risk-based concentration.
Data qualifiers:
J = estimated
NJ = presumptively present at an estimated level
B = greater than Instrument Detection Level (IDL) but less that Contract Required Detection Limit (CRL)
* = qualifier changed as a result of data validation

Det. 
Freq.

Maximum 
Detected



Parameter
Selected by 
Risk-Based 

Process

Selected by 
RIDEM-Based 

Process
SEMIVOLATILE ORGANIC COMPOUNDS
Benzo(a)anthracene X X
Benzo(a)pyrene X X
Benzo(b)fluoranthene X X
Benzo(g,h,i)perylene X
Benzo(k)fluoranthene X
Chrysene X
Dibenzo(a,h)anthracene X X
Indeno(1,2,3-cd)pyrene X X
PESTICIDES/PCBs
Aroclor-1254 X
Dieldrin X
TOTAL PETROLEUM HYDROCARBONS
TPH X
METALS
Antimony X
Arsenic X X
Beryllium X
Lead X X
Manganese X
DIOXINS/FURANS
Total 2,3,7,8-TCDD Equivalents X X

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

SELECTION OF SOIL COPCs REQUIRING FURTHER CONSIDERATION
TABLE 2-8

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA



TABLE 2-9
SOIL PRELIMINARY REMEDIATION GOALS

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Parameter Units Risk-Based 
PRG

RIDEM Residential 
Direct Exposure 

Criteria

RIDEM GB 
Leachability 

Criteria
ARAR/TBC Background 

Concentration
Selected Soil 

PRG
Basis for 
Selection

SEMIVOLATILE ORGANIC COMPOUNDS
Benzo(a)anthracene ug/kg 910 900 900 RIDEM
Benzo(a)pyrene ug/kg 91 400 (a) 400 RIDEM
Benzo(b)fluoranthene ug/kg 910 900 900 RIDEM
Benzo(g,h,i)perylene ug/kg (b) 800 800 RIDEM
Benzo(k)fluoranthene ug/kg (b) 900 900 RIDEM
Chrysene ug/kg (b) 400 400 RIDEM
Dibenzo(a,h)anthracene ug/kg 91 400 (a) 400 RIDEM
Indeno(1,2,3-cd)pyrene ug/kg 910 900 900 RIDEM
PESTICIDES/PCBs
Aroclor-1254 ug/kg 320 10000 1000(c) 1000 TBC
Dieldrin ug/kg (b) 40 40 RIDEM
TOTAL PETROLEUM HYDROCARBONS
TPH mg/kg 500 2500 500 RIDEM
METALS
Antimony mg/kg (b) 10 0.42 10 RIDEM
Arsenic mg/kg 0.60 1.7 6.2(d) 6.2 Background
Beryllium mg/kg (b) 0.4 0.439 0.4 (e) RIDEM
Lead mg/kg 400 150 400(f) 15.4 150 RIDEM
Manganese mg/kg (b) 390 372 390 RIDEM
DIOXINS/FURANS
Total 2,3,7,8-TCDD Equivalents ug/kg 0.0060 0.0043 1(g) 1 TBC
(a) Based on quantitation limits.  Because the quantitation limit is 400 ug/kg for these chemicals, the lower risk-based value is not chosen.
(b) No value presented -- not a COPC based on Risk-Based COPC Selection method.
(c) Soil action level from EPA Directive 9355.4-01, A Guide on Remedial Actions at Superfund Sites with PCB Contamination.
(d) Calculated by RIDEM, see Section 2.2.2.2.
(e) RIDEM Direct Exposure concentration is below background level.  However, to be conservative, the RIDEM concentration was selected.
(f) Screening level from EPA Directive 9355.4-12, Revised Interim Soil Lead Guidance for CERCLA Sites and RCRA Corrective Action Facilities.
(g) Residential value from EPA Directive 9200.4-26, Approach for Addressing Dioxin in Soil at CERCLA and RCRA Sites.



TABLE 2-10
SELECTION OF SOIL COCs

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Parameter Units Soil PRG Maximum 
Detected

Selected as 
COC?

SEMIVOLATILE ORGANIC COMPOUNDS
Benzo(a)anthracene ug/kg 900 9100 Yes
Benzo(a)pyrene ug/kg 400 7100 Yes
Benzo(b)fluoranthene ug/kg 900 9700 Yes
Benzo(g,h,i)perylene ug/kg 800 4300 Yes
Benzo(k)fluoranthene ug/kg 900 3500 J Yes
Chrysene ug/kg 400 8100 Yes
Dibenzo(a,h)anthracene ug/kg 400 820 J Yes
Indeno(1,2,3-cd)pyrene ug/kg 900 4100 Yes
PESTICIDES/PCBs
Aroclor-1254 ug/kg 1000 530 No
Dieldrin ug/kg 40 44 J Yes
TOTAL PETROLEUM HYDROCARBONS
TPH* mg/kg 500 21000 J No*
METALS
Antimony mg/kg 10 39.2 J Yes
Arsenic mg/kg 6.2 74.4 J Yes
Beryllium mg/kg 0.4 0.48 B1 Yes
Lead mg/kg 150 7820 J Yes
Manganese mg/kg 390 1110 J Yes
DIOXINS/FURANS
Total 2,3,7,8-TCDD Equivalents ug/kg 1 0.016388 No

Data qualifiers:
J = estimated
B = greater than IDL but less than CRDL
*  TPH is not a CERCLA Based COC, however, it will be used with the COCs on this Table
    in accordance with RIDEM regulations as a cleanup criteria.



TABLE 2-11
SURFACE SOIL CONCENTRATIONS EXCEEDING PRGs

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Location top bottom Parameter Concentration qual units
B-8 0 1 Arsenic 6.3 J mg/kg 6.2
B-9 0 1 Beryllium 0.43 mg/kg 0.4
B-11 0 1 Arsenic 6.6 J mg/kg 6.2
B-11 0 1 Manganese 439 J mg/kg 390
B-12 0 1 Arsenic 6.6 J mg/kg 6.2
B-12 0 1 Benzo(a)pyrene 2800 ug/kg 400
B-12 0 1 Benzo(g,h,i)perylene 980 ug/kg 800
B-12 0 1 Dibenz(a,h)anthracene 610 ug/kg 400
B-12 0 1 Indeno(1,2,3-cd)pyrene 1200 ug/kg 900
B-12 0 1 Manganese 439 J mg/kg 390
B-13 0 1 Arsenic 10 J mg/kg 6.2
B-14 0 1 Arsenic 8.5 mg/kg 6.2
B-15 0 1 Arsenic 7 mg/kg 6.2
B-15 0 1 Benzo(a)anthracene 2400 ug/kg 900
B-15 0 1 Benzo(a)pyrene 2600 ug/kg 400
B-15 0 1 Benzo(b)fluoranthene 3900 ug/kg 900
B-15 0 1 Benzo(g,h,i)perylene 1300 J ug/kg 800
B-15 0 1 Chrysene 2400 ug/kg 400
B-15 0 1 Indeno(1,2,3-cd)pyrene 1100 J ug/kg 900
B-15 0 1 Manganese 506 J mg/kg 390
B-16 0 1 Arsenic 7.3 mg/kg 6.2
B-16 0 1 Benzo(a)pyrene 410 ug/kg 400
B-16 0 1 Chrysene 450 ug/kg 400
B-16 0 1 Manganese 554 mg/kg 390
B-17 0 1 Manganese 404 J mg/kg 390
MW-7 0 1 Beryllium 0.46 mg/kg 0.4
MW-8 0 1 Chrysene 450 ug/kg 400
MW-9 0 1 Benzo(a)pyrene 890 ug/kg 400
MW-9 0 1 Benzo(b)fluoranthene 1600 ug/kg 900
MW-9 0 1 Beryllium 0.43 mg/kg 0.4
MW-9 0 1 Chrysene 750 ug/kg 400
MW-9 0 1 Manganese 451 mg/kg 390
MW-10 0 1 Arsenic 7 mg/kg 6.2
MW-10 0 1 Lead 372 mg/kg 150
MW-10 0 1 Manganese 697 J mg/kg 390
MW-11 0 1 Lead 2970 mg/kg 150
SS1 0 0.5 Arsenic 6.2 mg/kg 6.2
SS1 0 0.5 Beryllium 0.47 mg/kg 0.4
SS3 0 0.5 Beryllium 0.41 mg/kg 0.4
SS5 0 0.5 Beryllium 0.48 mg/kg 0.4

Sample Depth (ft)
Soil PRG



TABLE 2-11 (continued)
SURFACE SOIL CONCENTRATIONS EXCEEDING PRGs
FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND
PAGE 2 OF 4

Location top bottom Parameter Concentration qual units
SS6 0 0.5 Arsenic 8.9 mg/kg 6.2
SS6 0 0.5 Benzo(a)anthracene 3300 ug/kg 900
SS6 0 0.5 Benzo(a)pyrene 2700 ug/kg 400
SS6 0 0.5 Benzo(b)fluoranthene 2800 ug/kg 900
SS6 0 0.5 Benzo(k)fluoranthene 3100 ug/kg 900
SS6 0 0.5 Chrysene 2800 ug/kg 400
SS6 0 0.5 Manganese 750 mg/kg 390
SS-10 0 0.5 Beryllium 0.43 mg/kg 0.4
SS-11 0 0.5 Beryllium 0.5 mg/kg 0.4
SS-12 0 1 Beryllium 0.44 mg/kg 0.4
SS-13 0 1 Beryllium 0.46 mg/kg 0.4
SS-14 0 1 Arsenic 6.3 J mg/kg 6.2
SS-15 0 1 Arsenic 6.3 J mg/kg 6.2
SS-19 0 1 Arsenic 6.7 J mg/kg 6.2
SS-19 0 1 Beryllium 0.41 mg/kg 0.4
SS-20 0 1 Arsenic 7.4 J mg/kg 6.2
SS-20 0 1 Benzo(a)anthracene 1200 ug/kg 900
SS-20 0 1 Benzo(a)pyrene 960 ug/kg 400
SS-20 0 1 Benzo(b)fluoranthene 1800 ug/kg 900
SS-20 0 1 Chrysene 1100 ug/kg 400
SS-23 0 1 Arsenic 8.5 J mg/kg 6.2
SS-28 0 1 Arsenic 6.2 J mg/kg 6.2
SS-301 0 1 Manganese 478 J mg/kg 390
SS-302 0 1 Arsenic 7.3 J mg/kg 6.2
SS-304 0 1 Arsenic 6.4 mg/kg 6.2
SS-304 0 1 Benzo(a)pyrene 430 J ug/kg 400
SS-305 0 1 Arsenic 7.8 mg/kg 6.2
SS-305 0 1 Beryllium 0.6 mg/kg 0.4
SS-306 0 1 Arsenic 7.6 J mg/kg 6.2
SS-307 0 1 Arsenic 8.1 J mg/kg 6.2
SS-308 0 1 Arsenic 9.1 mg/kg 6.2
SS-309 0 1 Arsenic 6.5 J mg/kg 6.2
SS-310 0 1 Arsenic 9 J mg/kg 6.2
SS-311 0 1 Arsenic 8 J mg/kg 6.2

Sample Depth (ft)
Soil PRG



TABLE 2-11 (continued)
SURFACE SOIL CONCENTRATIONS EXCEEDING PRGs
FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND
PAGE 3 OF 4

Location top bottom Parameter Concentration qual units
SS-312 0 1 Arsenic 6.2 mg/kg 6.2
SS-312 0 1 Benzo(a)anthracene 1400 J ug/kg 900
SS-312 0 1 Benzo(a)pyrene 1300 J ug/kg 400
SS-312 0 1 Benzo(b)fluoranthene 1700 J ug/kg 900
SS-312 0 1 Benzo(g,h,i)perylene 840 J ug/kg 800
SS-312 0 1 Beryllium 0.43 mg/kg 0.4
SS-312 0 1 Chrysene 1400 J ug/kg 400
SS-312 0 1 Manganese 490 mg/kg 390
SS-313 0 1 Benzo(a)pyrene 790 J ug/kg 400
SS-313 0 1 Benzo(b)fluoranthene 1100 J ug/kg 900
SS-313 0 1 Benzo(g,h,i)perylene 1000 J ug/kg 800
SS-313 0 1 Chrysene 930 J ug/kg 400
SS-313 0 1 Manganese 688 mg/kg 390
SS-314 0 1 Benzo(a)anthracene 9100 ug/kg 900
SS-314 0 1 Benzo(a)pyrene 7100 ug/kg 400
SS-314 0 1 Benzo(b)fluoranthene 9700 ug/kg 900
SS-314 0 1 Benzo(g,h,i)perylene 4300 ug/kg 800
SS-314 0 1 Benzo(k)fluoranthene 3500 J ug/kg 900
SS-314 0 1 Chrysene 8100 ug/kg 400
SS-314 0 1 Indeno(1,2,3-cd)pyrene 4100 ug/kg 900
SS-315 0 1 Arsenic 6.9 mg/kg 6.2
SS-315 0 1 Benzo(a)anthracene 1100 J ug/kg 900
SS-315 0 1 Benzo(a)pyrene 920 J ug/kg 400
SS-315 0 1 Benzo(b)fluoranthene 1000 J ug/kg 900
SS-315 0 1 Chrysene 910 J ug/kg 400
SS-316 0 1 Beryllium 0.51 mg/kg 0.4
SS-320 0 1 Beryllium 0.41 mg/kg 0.4
SS-321 0 1 Beryllium 0.46 mg/kg 0.4
SS-323 0 1 Beryllium 0.42 mg/kg 0.4
SS-324 0 1 Arsenic 6.7 J mg/kg 6.2
SS-325 0 1 Arsenic 10.4 mg/kg 6.2
SS-326 0 1 Arsenic 10.1 mg/kg 6.2
SS-326 0 1 Beryllium 0.47 mg/kg 0.4

Sample Depth (ft)
Soil PRG



TABLE 2-11 (continued)
SURFACE SOIL CONCENTRATIONS EXCEEDING PRGs
FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND
PAGE 4 OF 4

Location top bottom Parameter Concentration qual units
SS-327 0 1 Arsenic 7.7 J mg/kg 6.2
SS-327 0 1 Benzo(a)anthracene 2500 ug/kg 900
SS-327 0 1 Benzo(a)pyrene 1900 ug/kg 400
SS-327 0 1 Benzo(b)fluoranthene 2400 ug/kg 900
SS-327 0 1 Benzo(g,h,i)perylene 1200 J ug/kg 800
SS-327 0 1 Benzo(k)fluoranthene 930 J ug/kg 900
SS-327 0 1 Chrysene 2300 ug/kg 400
SS-327 0 1 Indeno(1,2,3-cd)pyrene 1100 J ug/kg 900
SS-328 0 1 Arsenic 10.3 mg/kg 6.2
SS-329 0 1 Arsenic 7.2 mg/kg 6.2
SS-330 0 1 Arsenic 8.7 J mg/kg 6.2
SS-331 0 1 Arsenic 6.8 J mg/kg 6.2
SS-332 0 1 Arsenic 7.9 mg/kg 6.2
TP1 1 2 Benzo(a)pyrene 440 ug/kg 400
TP-04 1 2 Arsenic 9.4 J mg/kg 6.2
TP-04 1 2 Benzo(a)pyrene 500 ug/kg 400
TP-04 1 2 Lead 152 J mg/kg 150

Data qualifiers:
J = estimated

Sample Depth (ft)
Soil PRG



TABLE 2-12
SUBSURFACE SOIL CONCENTRATIONS EXCEEDING PRGs

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Location top bottom Parameter Concentration qual units
B-1 6 8 Arsenic 9.6 J* mg/kg 6.2
B-1 6 8 Lead 529 mg/kg 150
B-2 2 4 Manganese 492 J* mg/kg 390
B-2 6 8 Arsenic 8.6 mg/kg 6.2
B-2 6 8 Manganese 584 J* mg/kg 390
B-2 8 10 Manganese 646 J* mg/kg 390
B-3 6 8 Benzo(a)pyrene 660 ug/kg 400
B-3 6 8 Chrysene 770 ug/kg 400
B-5 4 6 Manganese 960 J* mg/kg 390
B-7 4 6 Benzo(a)anthracene 1300 J ug/kg 900
B-7 4 6 Benzo(a)pyrene 1000 J ug/kg 400
B-7 4 6 Benzo(b)fluoranthene 1300 J ug/kg 900
B-7 4 6 Chrysene 1000 J ug/kg 400
B-7 6 8 Benzo(a)pyrene 490 ug/kg 400
B-7 6 8 Chrysene 540 ug/kg 400
B-8 8 10 Arsenic                                 6.4 J mg/kg 6.2
B-8 8 10 Benzo(a)anthracene 2200    ug/kg 900
B-8 8 10 Benzo(a)pyrene 1700    ug/kg 400
B-8 8 10 Benzo(b)fluoranthene 2800    ug/kg 900
B-8 8 10 Chrysene 2100    ug/kg 400
B-8 8 10 Lead                                    189    mg/kg 150
B-8 8 10 Manganese                               540 J mg/kg 390
B-11 4 6 Arsenic                                 10 J mg/kg 6.2
B-11 4 6 Lead                                    314    mg/kg 150
B-11 4 6 Manganese                               627 J mg/kg 390
B-12 2 4 Manganese                               551 J mg/kg 390
B-13 4 6 Arsenic                                 6.3 J mg/kg 6.2
B-14 15 17 Arsenic                                 9.2    mg/kg 6.2
B-14 15 17 Chrysene 460 J ug/kg 400
B-14 15 17 Lead                                    252    mg/kg 150

Sample Depth (ft)
Soil PRG



TABLE 2-12 (continued)
SUBSURFACE SOIL CONCENTRATIONS EXCEEDING PRGs
FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND
PAGE 2 OF 4

Location top bottom Parameter Concentration qual units
B-15 10 12 Benzo(a)anthracene 1200    ug/kg 900
B-15 10 12 Benzo(a)pyrene 730    ug/kg 400
B-15 10 12 Benzo(b)fluoranthene 1300    ug/kg 900
B-15 10 12 Chrysene 1100    ug/kg 400
B-15 17 19 Benzo(a)anthracene 1300    ug/kg 900
B-15 17 19 Benzo(a)pyrene 760    ug/kg 400
B-15 17 19 Benzo(b)fluoranthene 1400    ug/kg 900
B-15 17 19 Chrysene 1100    ug/kg 400
B-15 17 19 Lead                                    292    mg/kg 150
B-15 17 19 Manganese                               419 J mg/kg 390
B-16 2 4 Benzo(a)anthracene 1200    ug/kg 900
B-16 2 4 Benzo(a)pyrene 1200    ug/kg 400
B-16 2 4 Benzo(b)fluoranthene 1900    ug/kg 900
B-16 2 4 Chrysene 1400    ug/kg 400
B-17 2 4 Beryllium                               0.44 B mg/kg 0.4
B-17 2 4 Manganese                               477 J mg/kg 390
MW-2 6 8 Arsenic 6.3 J* mg/kg 6.2
MW-2 6 8 Benzo(a)anthracene 1800 J ug/kg 900
MW-2 6 8 Benzo(a)pyrene 1600 J ug/kg 400
MW-2 6 8 Benzo(b)fluoranthene 1400 J ug/kg 900
MW-2 6 8 Benzo(k)fluoranthene 1400 J ug/kg 900
MW-2 6 8 Chrysene 1700 J ug/kg 400
MW-2 6 8 Lead 777 J* mg/kg 150
MW-3 12 14 Beryllium                               0.48 mg/kg 0.4
MW-7 2 4 Arsenic                                 6.2 S mg/kg 6.2
MW-7 2 4 Benzo(a)anthracene 1300 ug/kg 900
MW-7 2 4 Benzo(a)pyrene 1000 ug/kg 400
MW-7 2 4 Benzo(b)fluoranthene 1800 ug/kg 900
MW-7 2 4 Chrysene 1100 ug/kg 400
MW-7 2 4 Manganese                               396 J mg/kg 390
MW-11 2 4 Dieldrin 44 J ug/kg 40
MW-11 2 4 Lead                                    554 mg/kg 150
MW-11 2 4 Manganese                               401 J mg/kg 390
MW-10 4 6 Arsenic                                 7 mg/kg 6.2
MW-10 4 6 Manganese                               588 J mg/kg 390

Sample Depth (ft)
Soil PRG



TABLE 2-12 (continued)
SUBSURFACE SOIL CONCENTRATIONS EXCEEDING PRGs
FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND
PAGE 3 OF 4

Location top bottom Parameter Concentration qual units
MW-101 6 8 Arsenic 9.3 J mg/kg 6.2
MW-101 6 8 Chrysene 430 ug/kg 400
MW-101 6 8 Total Petroleum Hydrocarbons 1900 J mg/kg 500
MW-102 6 8 Antimony 12 J mg/kg 10
MW-102 6 8 Arsenic 53.6 J mg/kg 6.2
MW-102 6 8 Benzo(a)anthracene 3400 ug/kg 900
MW-102 6 8 Benzo(a)pyrene 4000 ug/kg 400
MW-102 6 8 Benzo(b)fluoranthene 2700 J ug/kg 900
MW-102 6 8 Benzo(g,h,i)perylene 1900 J ug/kg 800
MW-102 6 8 Benzo(k)fluoranthene 2200 J ug/kg 900
MW-102 6 8 Chrysene 3200 J ug/kg 400
MW-102 6 8 Dibenz(a,h)anthracene 820 J ug/kg 400
MW-102 6 8 Indeno(1,2,3-cd)pyrene 2300 J ug/kg 900
MW-102 6 8 Lead 5400 mg/kg 150
MW-102 6 8 Manganese 562 J mg/kg 390
MW-102 6 8 Total Petroleum Hydrocarbons 8200 J mg/kg 500
TP1 3.5 4 Benzo(a)pyrene 660 J ug/kg 400
TP1 3.5 4 Lead 475 J mg/kg 150
TP2 2 2 Benzo(a)pyrene 460 J ug/kg 400
TP2 2 2 Chrysene 580 J ug/kg 400
TP3 3 3 Benzo(a)pyrene 630 J ug/kg 400
TP3 3 3 Chrysene 640 J ug/kg 400
TP3 7 7 Benzo(a)anthracene 2400 J ug/kg 900
TP3 7 7 Benzo(a)pyrene 2900 J ug/kg 400
TP3 7 7 Benzo(b)fluoranthene 2300 J ug/kg 900
TP3 7 7 Benzo(g,h,i)perylene 1700 J ug/kg 800
TP3 7 7 Benzo(k)fluoranthene 2500 J ug/kg 900
TP3 7 7 Chrysene 2500 J ug/kg 400
TP3 7 7 Dibenz(a,h)anthracene 780 J ug/kg 400
TP3 7 7 Indeno(1,2,3-cd)pyrene 1700 J ug/kg 900
TP3 7 7 Manganese 413 J mg/kg 390
TP3 7 8 Arsenic 16.3 J mg/kg 6.2
TP3 7 8 Chrysene 690 J ug/kg 400
TP3 7 8 Lead 3090 J mg/kg 150
TP-05 7 8 Arsenic 14.3 J mg/kg 6.2
TP-05 7 8 Benzo(a)pyrene 690 ug/kg 400
TP-05 7 8 Chrysene 810 ug/kg 400
TP-05 7 8 Lead 540 J mg/kg 150
TP-05 7 8 Manganese 698 J mg/kg 390

Sample Depth (ft)
Soil PRG



TABLE 2-12 (continued)
SUBSURFACE SOIL CONCENTRATIONS EXCEEDING PRGs
FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND
PAGE 4 OF 4

Location top bottom Parameter Concentration qual units
TP-06 6 7 Benzo(a)pyrene 500 ug/kg 400
TP-06 6 7 Chrysene 650 ug/kg 400
TP-06 6 7 Manganese 410 J mg/kg 390
TP-07 7 8 Arsenic 6.2 J mg/kg 6.2
TP-07 7 8 Manganese 417 J mg/kg 390
TP-08 3 4 Arsenic 13.8 J mg/kg 6.2
TP-08 3 4 Manganese 478 J mg/kg 390
TP-11 5 6 Arsenic 8.3 mg/kg 6.2
TP-11 5 6 Chrysene 460 ug/kg 400
TP-11 5 6 Lead 563 mg/kg 150
TP-11 5 6 Total Petroleum Hydrocarbons 7500 mg/kg 500
TP12 3.5 4 Benzo(a)pyrene 660 J ug/kg 400
TP12 3.5 4 Chrysene 730 J ug/kg 400
TP12 3.5 4 Lead 475 J mg/kg 150
TP-12 4 5 Lead 283 J mg/kg 150
TP-12 4 5 Manganese 516 J mg/kg 390
TP-12 4 5 Total Petroleum Hydrocarbons 4100 J mg/kg 500
TP-13 6 7 Antimony 39.2 J mg/kg 10
TP-13 6 7 Arsenic 18.3 J mg/kg 6.2
TP-13 6 7 Lead 7820 J mg/kg 150
TP-13 6 7 Manganese 898 J mg/kg 390
TP-13 6 7 Total Petroleum Hydrocarbons 7400 J mg/kg 500
TP-14 3 4 Arsenic 10.5 mg/kg 6.2
TP-14 3 4 Total Petroleum Hydrocarbons 4800 mg/kg 500
TP-15 5 6 Arsenic 9.9 J mg/kg 6.2
TP-15 5 6 Benzo(a)anthracene 1200 J ug/kg 900
TP-15 5 6 Benzo(a)pyrene 970 J ug/kg 400
TP-15 5 6 Chrysene 1700 J ug/kg 400
TP-15 5 6 Lead 766 J mg/kg 150
TP-15 5 6 Total Petroleum Hydrocarbons 21000 J mg/kg 500
TP-16 10 11 Arsenic 74.4 J mg/kg 6.2
TP-16 10 11 Lead 3350 mg/kg 150
TP-16 10 11 Manganese 1110 J mg/kg 390
TP-16 10 11 Total Petroleum Hydrocarbons 6400 J mg/kg 500
TP-17 8 9 Arsenic 8.2 mg/kg 6.2

Data qualifiers:
J = estimated
B = greater than IDL but less than CRDL
S = value obtained using Method of Standard Addition
* = qualifier changed as a result of data validation

Sample Depth (ft)
Soil PRG



TABLE 2-13
GROUNDWATER PRELIMINARY REMEDIATION GOALS

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Parameter Units Federal 
MCL Risk-Based PRG

RIDEM GA 
Groundwater 

Objective
Selected PRG Basis for 

Selection

VOLATILE ORGANIC COMPOUNDS
Benzene ug/L 5 2.56 5 5 MCL
SEMIVOLATILE ORGANIC COMPOUNDS
2-Methylnaphthalene ug/L  128 128 Risk-Based
Dibenzofuran ug/L  23 23 Risk-Based
Naphthalene ug/L  179 20 20 RIDEM
METALS
Aluminum ug/L No Risk none no data
Arsenic ug/L 50 0.1 50 MCL
Barium ug/L 2000 884 2000 2000 MCL
Cadmium ug/L 5 6 5 5 MCL
Chromium ug/L 100 30 100 100 MCL
Cobalt ug/L No Risk none no data
Copper ug/L 300 No Risk 1300 MCL
Iron ug/L No Risk none no data
Lead ug/L 15 No Risk 15 15 MCL
Manganese ug/L 291 291 Risk-Based
Vanadium ug/L 81 81 Risk-Based
Zinc ug/L 4015 4015 Risk-Based



TABLE 2-14
SELECTION OF GROUNDWATER COCs

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Parameter Units Groundwater 
PRG

Maximum 
Detected

Selected as 
COC?

VOLATILE ORGANIC COMPOUNDS
Benzene ug/L 5 33 Yes
SEMIVOLATILE ORGANIC COMPOUNDS
2-Methylnaphthalene ug/L 128 190 Yes
Dibenzofuran ug/L 23 8 J No
Naphthalene ug/L 20 150 Yes
METALS
Aluminum ug/L none 13000 J No
Arsenic ug/L 50 49.8 No
Barium ug/L 2000 390 No
Cadmium ug/L 5 3.4 J No
Chromium ug/L 100 39.9 No
Cobalt ug/L none 87 No
Copper ug/L 300 166 J No
Iron ug/L none 129000 J No
Lead ug/L 15 207 J Yes
Manganese ug/L 291 12500 J Yes
Vanadium ug/L 81 37.5 No
Zinc ug/L 4015 1570 J No

Data qualifiers:
J = estimated



TABLE 2-15
GROUNDWATER CONCENTRATIONS EXCEEDING PRGs

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Location Parameter Concentration qual units
MW-1R Manganese 1580 J ug/L 291
MW-2D Manganese 6390 J ug/L 291
MW-2S Lead 19.4 J ug/L 15
MW-2S Manganese 396 J ug/L 291
MW-3S Lead 207 J ug/L 15
MW-3S Manganese 3560 J ug/L 291
MW-4S Manganese 12500 ug/L 291
MW-7S Manganese 11800 J ug/L 291
MW-8R Manganese 1780 J ug/L 291
MW-9R Manganese 832 ug/L 291
MW-10S Manganese 4450 J ug/L 291
MW-11R Manganese 3460 J ug/L 291
MW11-S Manganese 1340 J ug/L 291
MW-101 2-Methylnaphthalene 190 ug/L 128
MW-101 Benzene 8 J ug/L 5
MW-101 Manganese 441 J ug/L 291
MW-101 Naphthalene 150 ug/L 20
MW-102 Benzene 33 ug/L 400
MW-102 Lead 27.6 J ug/L 15
MW-102 Manganese 1180 J ug/L 291

Groundwater
PRG



TABLE 2-16
SUMMARY OF SEDIMENT COPC SELECTION

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Parameter

COPC Based 
on Human 

Health Direct 
Contact

COPC Based on 
Human Health 

Shellfish 
Ingestion

COPC Based 
on Ecological 

Risk (1)

SEMIVOLATILE ORGANIC COMPOUNDS
2-Methylnaphthalene X
Acenaphthylene X
Anthracene X
Benzo(a)anthracene X X
Benzo(a)pyrene X X X
Benzo(b)fluoranthene X X
Benzo(b,j,k)fluoranthene X
Benzo(g,h,i)perylene X
Chrysene X
Dibenzo(a,h)anthracene X X
Fluoranthene X
Fluorene X
Indeno(1,2,3-cd)pyrene X X
Phenanthrene X
Pyrene X
Sum PAHs X
PESTICIDES/PCBs
Total PCB Congeners X
METALS
Arsenic X X
Copper X
Cadmium X
Chromium X
Lead X
Mercury X
Silver X
Zinc X

(1) Contaminants exceeding water quality screening value (WQSV), Appendix B, Table B-3.6.



TABLE 2-17
SUMMARY OF SEDIMENT PRELIMINARY REMEDIATION GOALS

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Beach 
Sediment

PRG Based on 
Human Health 
Direct Contact

PRG Based on 
Human Health 

Shellfish 
Ingestion

PRG Based on 
Ecological 

Risk

SEMIVOLATILE ORGANIC COMPOUNDS (ug/kg)
2-Methylnaphthalene 185
Acenaphthylene 697
Benzo(a)anthracene 1338 34270
Benzo(a)pyrene 134 9360
Benzo(b)fluoranthene 1338 51296
Dibenzo(a,h)anthracene 134 6742 2434
Indeno(1,2,3-cd)pyrene 72519 5633
PESTICIDES/PCBs (ug/kg)
Total PCB Congeners 175
METALS (mg/kg)
Arsenic 6.2 5.48
Cadmium 10
Chromium 3708
Mercury 2.3
TOTAL PETROLEUM HYDROCARBONS (mg/kg)
TPH 500  

Nearshore and Offshore
Marine Sediment

Parameter



TABLE 2-18
SELECTION OF SEDIMENT COCs

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Pathway and Parameter Units Sediment PRG Maximum 
Detected

Selected as 
COC?

HUMAN RECREATIONAL EXPOSURE TO SEDIMENT (1)

Benzo(a)anthracene ug/kg 1338 1900 J Yes
Benzo(a)pyrene ug/kg 134 1400 J Yes
Benzo(b)fluoranthene ug/kg 1338 1700 J Yes
Dibenzo(a,h)anthracene ug/kg 134 290 J Yes
Arsenic mg/kg 6.2 7.1 Yes
HUMAN INGESTION OF SHELLFISH (2)

Benzo(a)anthracene ug/kg 34270 9300 No
Benzo(a)pyrene ug/kg 9360 9500 No*
Benzo(b)fluoranthene ug/kg 51296 12000 No
Dibenzo(a,h)anthracene ug/kg 6742 3410 J No
Indeno(1,2,3-cd)pyrene ug/kg 72519 7390 No
Total PCB Congeners ug/kg 175 106.9 No
Cadmium mg/kg 10 1.29 No
Chromium mg/kg 3708 73.7 No
Mercury mg/kg 2.3 1.9 No
ECOLOGICAL EXPOSURE TO SEDIMENT (3)

2-Methylnaphthalene ug/kg 185 330 J Yes
Acenaphthylene ug/kg 697 1500 J Yes
Dibenzo(a,h)anthracene ug/kg 2434 3410 J Yes
Indeno(1,2,3-cd)pyrene ug/kg 5633 7390 Yes

NOTES:
(1) - Route of exposure applicable to intertidal (beach) sediment only.  Data set is presented in
     Appendix D, Table 4.1A
(2) - Route of exposure applicable to low tide and subtidal sediment only.  Data set is presented in
     Appendix D, Table 4.1-B
(3) - Route of exposure applicable to all marine sediment - intertidal and subtidal.  Data set is 
     presented in Appendix D, Table 4.1C
* - Not selected until verified through phase 2 predesign sample collections
J - Data qualifier indicating an estimated value



Pathway and Parameter Units Sediment PRG
Stations 

Exceeding 
PRG

Comment

HUMAN RECREATIONAL EXPOSURE TO SEDIMENT (1)

SD-412 1400
SD-414 4900 J
SD-432 2800
SD-439 1400
SD-442 2900
SSD-334 1900 J
SSD-335 1800 J
OFF-5E 648
SD-411 680 J
SD-412 1000
SD-413 320 J
SD-414 3900 J
SD-417 810
SD-424 230 J
SD-425 640 J

SD-432s 240/370
s=0-6 inches, 

Duplicate results
SD-432d 2000 d=18-24 inches

SD-439s 550/500
s=0-6 inches, 

Duplicate results
SD-439m 710 m=6-12 inches
SD-439d 440 d=18-24 inches
SD-442s 2400 J s=0-6 inches
SD-442d 290 J d=18-24 inches
SD-445s 500 s=0-6 inches
SD-445d 470 J d=18-24 inches
SSD-333 770J/910 J Duplicate results
SSD-334 1400 J
SSD-335 1300 J
SSD-336 520 J
SD-414 5100 J
SD-432 2600
SD-439m 1400 m=6-12 inches
SD-442 3200 J
SSD-335 1700 J
SD-432 240
SD-442 280
SSD-334 290
OFF-5E 7.3 J
SD-414 6.7 J
SD-425 10.6 J
SD-439m 14.9 m=6-12 inches
SD-442s 7.2 J s=0-6 inches
SD-442d 9.1 J d=18-24 inches
SD-445d 7.2 J d=18-24 inches
SSD-337 7.1

Concentration / Data 
Qualifier

Benzo(a)anthracene ug/kg 1338

Benzo(a)pyrene ug/kg 134

Dibenzo(a,h)anthracene ug/kg 134

Arsenic

TABLE 2-19
DATA FOR SELECTED SEDIMENT COCs

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

mg/kg 6.2

Benzo(b)fluoranthene ug/kg 1338



Pathway and Parameter Units Sediment PRG
Stations 

Exceeding 
PRG

Comment

ECOLOGICAL EXPOSURE TO SEDIMENT (2)

SD-410 470
SD-414 1500 J
SD-432d* 760 d=18-24 inches
SD-442 870
OFF-5 330 J
OFF-6 280 8-10 inches
OFF-18d* 210 d=1.6 - 1.8 feet 
SD-414 1500 J
SD-432d* 760 d=18-24 inches
SD-442 870
OFF-3 2810 J
OFF-5 3410 J
OFF-3 6560
OFF-5 7390

NOTES:
(1) - Route of exposure applicable to intertidal (beach) sediment only.  Data set is presented in
     Appendix D, Table 4.1A
(2) - Route of exposure applicable to all marine sediment - intertidal and subtidal.  Data set is 
     presented in Appendix D, Table 4.1C
* - Exceedance discounted due to isolated incidence at depth
J - Data qualifier indicating an estimated value

PAGE 2 OF 2

Concentration / Data 
Qualifier

DATA FOR SELECTED SEDIMENT COCs
FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

ug/kg 185

TABLE 2-19 (cont.)

Indeo(1,2,3-cd)pyrene ug/kg

2434

5633

Dibenzo(a,h)anthracene ug/kg

Acenapthalene ug/kg 697

2-Methylnaphthalene



TABLE 3-1 
IDENTIFICATION AND PRELIMINARY SCREENING OF TECHNOLOGIES AND  

PROCESS OPTIONS FOR SOIL 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
GENERAL 

RESPONSE 
ACTION 

REMEDIAL 
TECHNOLOGY 

TYPE 

PROCESS 
OPTION 

DESCRIPTION OF PROCESS 
OPTION 

SCREENING COMMENTS 

No Action No Action  Not Applicable No Action 
 

Retained.  Used as baseline for 
comparison with other options as 
required by NCP. 

Limited Action Institutional 
Controls 
 

Deed 
Restrictions 

Administrative action used to restrict 
future site activities on individual 
properties.  Restrictions would prevent 
activities such as excavation or 
residential development. 

Retained for protection of human health.  
Not protective of ecological receptors or 
groundwater.  Does not allow 
unrestricted residential reuse. 

 Access 
Restrictions 

Fencing Barrier erected to restrict access to 
contaminated properties. 

Retained for protection of human health.  
Not protective of ecological receptors or 
groundwater.  Does not allow 
unrestricted residential reuse. 

  Post Signs Post "No Trespassing" or hazard 
warning signs. 

Retained for protection of human health.  
Not protective of ecological receptors or 
groundwater.  Does not allow 
unrestricted residential reuse. 

 Long-Term 
Monitoring 

Monitoring Periodic monitoring events to 
determine whether the soil is a 
continuing source of contamination. 

Retained to ensure effectiveness of any 
remedial action taken.  As a stand-alone 
option, does not allow unrestricted 
residential reuse. 

Containment Horizontal 
Barriers 

Impermeable 
Cap 

Asphalt, concrete, geosynthetics, or 
multi-media materials are used to form 
an impermeable barrier to prevent 
direct contact with contaminated soil 
and to minimize leaching of 
contaminants from soil to groundwater. 

Retained for protection of human health 
and the environment.  Does not allow 
unrestricted residential reuse because of 
contaminants left in the subsurface. 

  Permeable 
Cover  

Soil, crushed stone, geosynthetics and 
vegetative cover used to prevent direct 
contact with contaminated soil and 
minimize erosion and surface 
migration of contaminated soil. 

Retained for protection of human health.  
Does not allow unrestricted residential 
reuse because of contaminants left in the 
subsurface.. 
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          Eliminated process option (see screening comment)        

GENERAL 
RESPONSE 

ACTION 

REMEDIAL 
TECHNOLOGY 

TYPE 

PROCESS 
OPTION 

DESCRIPTION OF PROCESS 
OPTION 

SCREENING COMMENTS 

Removal Excavation 
 

Bulk 
Excavation 

Use of common construction 
equipment to remove contaminated 
soil.  Able to address all soil above the 
groundwater table. 

Retained for protection of human health 
and protection of ecological receptors.  
Effective for all site contaminants. 

Disposal Disposal 
 

Off-Base 
Landfill 

Transport and disposal of untreated 
soil to an approved off-base landfill. 

Retained as potentially effective.  Must 
be reviewed in concert with excavation 
technology. 

  On-Base 
Landfill 

Transport and disposal of untreated 
soil to a new or existing on-base 
landfill. 

Eliminated.  No landfill currently 
available.  Extensive permitting for a new 
landfill. 

  On-Site Backfill Backfill of treated soil to the excavated 
areas.  Clean fill from off site can also 
be used. 

Retained.  Must be reviewed in concert 
with excavation technology and possibly 
treatment technology. 

  Treatment, 
Storage, or 
Disposal 
Facility (TSDF) 

Transport and disposal of untreated 
soil to an approved off-base TSDF. 

Retained as potentially effective.  Must 
be reviewed in concert with excavation 
technology. 

Treatment Immobilization Solidification/ 
Stabilization 

Soil mixing equipment used to mix 
reagents with contaminated soil to 
physically and/or chemically decrease 
the mobility of contaminants.  Potential 
reagents include cement, pozzolanic 
material, thermoplastics, polymers and 
asphalt.  Treatment may be done in 
situ or ex situ. 

Retained as potentially effective.  
Demonstrated to be effective with metals 
and other inorganic and organic 
contaminants. 

  Microencapsul-
ation 

Contaminated material is encapsulated 
by containers or inert and impervious 
coatings that will minimize leaching.  
Treatment will be done ex situ. 

Eliminated.  Effectively isolates all site 
contaminants but no treatment occurs.  
Not feasible in cases involving large 
quantities of contaminated material. 
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          Eliminated process option (see screening comment)        

GENERAL 
RESPONSE 

ACTION 

REMEDIAL 
TECHNOLOGY 

TYPE 

PROCESS 
OPTION 

DESCRIPTION OF PROCESS 
OPTION 

SCREENING COMMENTS 

Thermal 
Treatment 

Incineration Destruction of organic contaminants by 
subjecting them to high temperatures 
under controlled conditions in a 
combustion chamber.  Treatment 
would be done ex situ. 

Retained.  Effective for organic 
contaminants but not effective for 
inorganic contaminants.  Not easily 
undertaken on base. 

 Pyrolysis Chemical decomposition of organic 
contaminants by heating the material 
in the absence of oxygen.  Treatment 
would be done ex situ. 

Eliminated.  Effective for organic 
contaminants but not effective for 
inorganic contaminants.  Not easily 
undertaken on base.  Not readily 
available. 

Treatment 
(Cont’d) 

 Low-
Temperature 
Thermal 
Stripping 

Air, heat and mechanical agitation are 
used to volatilize organic contaminants 
from soil into a vapor stream.  Vapor is 
usually further treated.  Treatment 
would be done ex situ. 

Retained for potential use on site.  
Effective for organic contaminants but 
not effective for inorganic contaminants.  
May be used as part of a treatment train. 

  Supercritical 
Water 
Oxidation 

Contaminated soil is exposed to water 
in a high temperature, high pressure 
environment.  Under such conditions, 
organic substances are oxidized. 

Eliminated.  Effective for some organic 
contaminants (SVOCs) but not effective 
for inorganic contaminants. 

  Vitrification Melting of contaminated material to 
volatilize or pyrolyze organics and 
entrain inorganics in a stable vitreous 
residual.  Treatment may be done in 
situ or ex situ. 

Retained.  Potentially effective for all site 
contaminants. 
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          Eliminated process option (see screening comment)        

GENERAL 
RESPONSE 

ACTION 

REMEDIAL 
TECHNOLOGY 

TYPE 

PROCESS 
OPTION 

DESCRIPTION OF PROCESS 
OPTION 

SCREENING COMMENTS 

Treatment 
(Cont’d) 

Physical 
Treatment 

Soil Flushing Contaminants sorbed to soil are 
mobilized or dissolved in an aqueous 
flushing solution in situ.  The flushing 
solution is then extracted from the 
subsurface and treated.  Flushing 
solution may be augmented by 
chemicals that increase the 
mobilization or dissolution of organics 
and some heavy metals from the soil.  
Treatment would be done in situ. 

Retained.  Potentially effective for 
organics and some inorganics, but 
repeated flushing may be necessary.  
Difficult to ensure capture of flushing 
solution due to shallow water table.  
More difficult in cases involving multiple 
types of contaminants. 

  Soil Washing Process reduces the amount of 
contaminated material by two means.  
Finer particles, which contain the bulk 
of contaminants, are separated from 
more coarse material.  Contaminants 
sorbed to soil are dissolved in an 
aqueous washing solution.  The wash 
water may be augmented by chemicals 
which increase the leaching of 
organics and some heavy metals from 
the soil.  Treatment would be done ex 
situ. 

Retained.  Potentially effective for 
organics and some inorganics, but 
multiple washing steps may be 
necessary.  Washing solution would 
need to be recovered and treated.  More 
difficult in cases involving multiple types 
of contaminants.  May be used as part of 
a "treatment train."  Can be done on or 
off base. 

  Liquefied Gas 
Solvent 
Extraction 

Liquefied gas solvents, such as 
propane, are used to extract organics 
from soil.  Treatment would be done ex 
situ. 

Eliminated.  Technology is not 
commercially available and effectiveness 
is not well established.  Cost information 
not available. 
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          Eliminated process option (see screening comment)        

GENERAL 
RESPONSE 

ACTION 

REMEDIAL 
TECHNOLOGY 

TYPE 

PROCESS 
OPTION 

DESCRIPTION OF PROCESS 
OPTION 

SCREENING COMMENTS 

Treatment 
(Cont’d) 

Physical 
Treatment 

Soil Vapor 
Extraction 

In situ technology in which vacuum 
blowers and extraction wells are used 
to strip volatile organic compounds 
from unsaturated soil.  Treatment 
would be done in situ. 

Eliminated.  Only effective for volatile 
organic compounds (VOCs) in non-
saturated soil.  Not effective for SVOCs 
or inorganics. 

  Electrokinetics Electrodes are used to manipulate soil 
conditions to recover or destroy 
organics and metals.  Treatment would 
be done in situ. 

Eliminated.  Potentially effective for 
organic and some inorganics.  Less 
effective in cases involving shallow water 
table. 

 Chemical 
Treatment 

Chemical 
Dechlorination 

Chlorine atoms are stripped from 
chlorinated contaminants through 
chemical reactions to produce less 
toxic byproducts.  These byproducts 
are generally more amenable to 
biodegradation.  Treatment will be 
done ex situ. 

Eliminated.  Only addresses chlorinated 
compounds.  Not effective for non-
chlorinated organics (SVOCs) or 
inorganics. 

  Solvent 
Extraction 

Chemical desorption and dissolution of 
organic and some inorganic 
contaminants by washing soil with a 
solvent solution.  Treatment would be 
done ex situ. 

Retained.  May not be effective for 
wastes with multiple contaminant types.  
Solvent solution would need to be 
recovered and treated. 

 Biological 
Treatment 

Aerobic 
Biodegradation 

Microorganisms degrade organic 
contaminants  to carbon dioxide and 
water.  Oxygen is used as an electron 
acceptor in the degradation process.  
Treatment would be done ex situ. 

Retained, but effectiveness is limited to 
certain organic contaminants.  Inorganics 
are generally not amenable to biological 
treatment. 
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          Eliminated process option (see screening comment)        

GENERAL 
RESPONSE 

ACTION 

REMEDIAL 
TECHNOLOGY 

TYPE 

PROCESS 
OPTION 

DESCRIPTION OF PROCESS 
OPTION 

SCREENING COMMENTS 

Treatment 
(Cont’d) 

Biological 
Treatment 
(Cont’d) 

Anaerobic 
Biodegradation 

An electron acceptor other than 
oxygen is used in the process in which 
microorganisms degrade organic 
contaminants.  Treatment may be 
done in situ or ex situ. 

Eliminated.  While this technology is 
commonly used in the wastewater 
treatment industry to effectively treat 
solid organic waste, applications in 
hazardous waste treatment are limited.  
Effectiveness is limited to certain organic 
contaminants.  Inorganics are generally 
not amenable to biological treatment. 

  Phytoremedia-
tion 

Plants are used to naturally remediate 
contaminants via three mechanisms: 
direct uptake and accumulation of 
contaminants in plant tissue, release of 
enzymes that stimulate  microbial 
activity and biochemical 
transformation, and enhancement of 
mineralization in plants’ roots.  
Effective for destruction of some VOCs 
and SVOCs and effective for absorbing 
many inorganics.  Treatment would be 
done in situ. 

Eliminated.  Potentially effective for 
metals, SVOCs.  Root systems of plants 
may not extend deep enough to 
remediate contaminants at depth.  Plants 
would require harvesting, proper 
disposal, and replanting. 

 
  
 



TABLE 3-2 
REPRESENTATIVE PROCESS OPTIONS FOR SOIL 

FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
 

GENERAL 
RESPONSE 

ACTION (GRA) 

REMEDIAL 
TECHNOLOGY 

TYPE 

PROCESS OPTION REPRESENTATIVE PROCESS 
OPTION 

RATIONALE 

No Action 
 

No Action  Not Applicable No Action 
 

Required 
 

Limited Action Long-Term 
Monitoring 

Monitoring Monitoring Used for 5-year reviews to ensure 
remediation is complete 

Removal Excavation 
 

Bulk Excavation Bulk Excavation 
 

Most effective means of removal 
 

Disposal Disposal Off-Base Landfill 
 

  On-Site Backfill 

  TSDF 

On-Site Backfill 
 
TSDF 

Treated soil would have concentrations 
below PRGs 
 
Excavated soil may require treatment 
prior to disposal to meet LDRs 

Treatment Immobilization Solidification/ 
Stabilization 

 Thermal Treatment Low Temperature 
Thermal Stripping 
(LTTS) 

 Physical/Chemical 
Treatment 

Soil Washing 

  Solvent Extraction 

LTTS 
 
 
Soil Washing 

Effectively removes PAHs 
 
 
Addresses inorganic compounds 
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IDENTIFICATION AND PRELIMINARY SCREENING OF TECHNOLOGIES AND  

PROCESS OPTIONS FOR GROUNDWATER 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
GENERAL 

RESPONSE 
ACTION 

REMEDIAL 
TECHNOLOGY 

TYPE 

PROCESS 
OPTION 

DESCRIPTION OF PROCESS 
OPTION 

SCREENING COMMENTS 

No Action No Action  Not Applicable No Action 
 

Retained.  Used as baseline for 
comparison with other options as 
required by NCP. 

Limited Action Institutional 
Controls 
 

Deed 
Restrictions/ 
Land Use 
Controls 

Administrative action used to restrict 
future site activities on individual 
properties.  Restrictions would prevent 
activities such as installation of new 
wells or use of groundwater. 

Retained.  Considered when no active 
remediation is required due to limited 
contamination.  May also be considered 
in conjunction with active remedial 
alternatives. 

 Groundwater 
Monitoring 

Monitoring Periodic monitoring events in the area 
where groundwater contamination 
exists. 

Retained.  Monitoring is viable for 
assessing the effectiveness of any 
remedial action taken. 

Containment Hydraulic 
Containment 

Extraction 
Wells 

Control of plume migration by a system 
to extract the contaminated 
groundwater. 

Retained.  Extraction wells placed on the 
downgradient edge may be used to 
prevent groundwater plume migration to 
Narragansett Bay. 

 Subsurface 
Barriers 

Slurry Wall Trench around areas of contamination 
is filled with a soil (or cement) 
bentonite slurry to obstruct/divert the 
groundwater flow. 

Eliminated.  Large amount of coastline 
makes this impractical. 

  Grout Curtain Pressure injection of grout in a regular 
pattern of drilled holes.  Requires 
integration with confining layer to be 
effective. 

Eliminated. Large amount of coastline 
makes this impractical. 

  Sheet Piling Driving interconnecting lengths of steel 
into the ground to form a thin, 
impermeable barrier.  Requires 
integration with confining layer to be 
effective. 

Eliminated. Large amount of coastline 
makes this impractical. 

Removal Extraction 
 

Extraction 
Wells 

Series of pumping wells to extract 
contaminated groundwater. 

Retained.  Collection wells are effective 
to address limited extent of 
contamination. 
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          Eliminated process option (see screening comment)        

GENERAL 
RESPONSE 

ACTION 

REMEDIAL 
TECHNOLOGY 

TYPE 

PROCESS 
OPTION 

DESCRIPTION OF PROCESS 
OPTION 

SCREENING COMMENTS 

Removal (cont.) Extraction 
(cont.) 

Collection 
Trench 

Perforated pipe in trenches backfilled 
with porous media to collect 
groundwater.  May include sumps and 
gravity drains. 

Retained.  Collection trenches are 
effective to address limited extent of 
contamination in shallow aquifers. 

Ex Situ 
Treatment 
(on site) 

Bioremediation Aerobic Degradation of organics using 
microorganisms in an oxygen-enriched 
environment. 

Eliminated.  Time consuming process, 
not effective on metals. 

 Physical 
Treatment 

Dewatering Removal of free water from water –
sediment mix 

Retained.  Component of eathmoving 
operations 

  Sedimentation Removal of free water from water-
sediment mix through gravity 

Retained. Component of eathmoving 
operations 

  Filtration Removal of suspended solids by 
passing contaminated water through a 
filter media. 

Retained. Component of eathmoving 
operations 

  Air Stripping Mixing large volumes of air with 
groundwater in a packed column or 
aerated basin to promote transfer of 
volatile organic compounds to air. 

Retained.  Component of thermal 
treatment  

  Steam 
Stripping 

Mixing large volumes of steam with 
groundwater in a packed column or 
aerated basin to promote transfer of 
volatile organic compounds to air. 

Eliminated.  Requires substantial energy 
and control. 

  Adsorption Adsorption of contaminants onto 
activated carbon by passing water 
through carbon column. 

Retained.  Component of most disposal 
or treatment operations 
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          Eliminated process option (see screening comment)        

GENERAL 
RESPONSE 

ACTION 

REMEDIAL 
TECHNOLOGY 

TYPE 

PROCESS 
OPTION 

DESCRIPTION OF PROCESS 
OPTION 

SCREENING COMMENTS 

Ex Situ 
Treatment 
(on site) 
(cont'd) 

Chemical 
Treatment 

Ion Exchange Ion exchange removes ions from the 
aqueous phase by the exchange of 
cations or anions between the 
contaminants and the exchange 
medium. Ion exchange materials may 
consist of resins made from synthetic 
organic materials that contain ionic 
functional groups to which 
exchangeable ions are attached. After 
the resin capacity has been exhausted, 
resins can be regenerated for re-use. 

Retained. 

  Chemical 
Oxidation 

Chemical oxidation (increase in 
oxidation state) of chemicals into less 
toxic or soluble forms through the use 
of oxidizing agent(s).  Includes ozone, 
peroxide, permanganate, and 
manganese oxidation. 

Retained.. 

  UV Oxidation Oxidation of chemicals into less toxic 
or soluble forms through the use of UV 
light. 

Retained.   

  Precipitation/ 
Flocculation 

Conversion of heavy metals into 
insoluble solid forms through the 
addition of precipitating agents such as 
hydroxides and sulfides.  Followed by 
use of chemicals to neutralize surface 
charges and promote particle size 
growth. 

Retained. 
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          Eliminated process option (see screening comment)        

GENERAL 
RESPONSE 

ACTION 

REMEDIAL 
TECHNOLOGY 

TYPE 

PROCESS 
OPTION 

DESCRIPTION OF PROCESS 
OPTION 

SCREENING COMMENTS 

Ex Situ 
Treatment 
(on site) 
(cont'd) 

Chemical 
Treatment 
(cont'd) 

Fenton's 
Reagent 

Solution of hydrogen peroxide and an 
iron catalyst that is used to oxidize 
contaminants in water: effecive on 
TCE and PCE. 

Eliminated.  Target compounds not 
generally affected. 

In Situ Treatment Bioremediation Aerobic/ 
Oxygen 
Release 
Compound 

Degradation of organics using 
microorganisms in an oxygen-enriched 
environment. 

Retained. 

  Anaerobic/ 
Hydrogen 
Release 
Compound 

Degradation of organics using 
microorganisms in an oxygen-deficient 
environment. 

Retained. 

 Physical/ 
Chemical 
Treatment 

Air Sparging Injection of air below the water table.  
Rising bubbles volatilize dissolved and 
adsorbed phase contaminants and 
transport them to the vadose where 
they are removed by a method of 
collection such as vapor extraction or 
by in situ aerobic degradation.  
Furthermore, the carbon dioxide in air 
would decrease the pH in groundwater 
and thereby induce the 
precipitation/sorption of metals. 

Eliminated. Target compounds not 
generally affected. 

  Permeable 
Reactive 
Barriers (PRBs) 

An in situ barrier composed of a 
permeable reactive material that reacts 
with the contaminants in the water, 
reducing their concentrations by 
physical and chemical processes. 

Eliminated. Target compounds not 
generally affected. 
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          Eliminated process option (see screening comment)        

 
GENERAL 

RESPONSE 
ACTION 

REMEDIAL 
TECHNOLOGY 

TYPE 

PROCESS 
OPTION 

DESCRIPTION OF PROCESS 
OPTION 

SCREENING COMMENTS 

Disposal Surface 
Discharge 

Direct to 
Surface Water 

Treated groundwater discharged to 
Narragansett Bay. 

Eliminated. Sensitive habitats present. 

  On Site 
Beneficial 
Reuse 

Water is discharged to the ground for 
dust control or irrigation 

Eliminated. No necessity forseen. 

  Discharge to 
Local 
Treatment 
Facility 

Treated groundwater discharged to 
local Publicly Owned Treatment Works 
(POTW). 

Retained. 

 Subsurface 
Discharge 

Injection Wells Series of injection wells to discharge 
collected/treated groundwater to 
subsurface.  Requires regulatory 
approval. 

Eliminated.  Approval unlikely, other 
options available. 

  Infiltration 
Gallery 

Gravel-filled trench to discharge 
collected/treated groundwater to 
subsurface.  Requires regulatory 
approval. 

Retained 

 
  
 



TABLE 3-4 
REPRESENTATIVE PROCESS OPTIONS FOR GROUNDWATER 

FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
 

GENERAL 
RESPONSE 

ACTION (GRA) 

REMEDIAL 
TECHNOLOGY 

TYPE 

PROCESS OPTION REPRESENTATIVE PROCESS 
OPTION 

RATIONALE 

No Action 
 

No Action  Not Applicable No Action 
 

Required 
 

Limited Action Groundwater 
Monitoring 

Monitoring Monitoring Used for 5-year reviews to ensure 
remediation is complete. 

Containment Hydraulic 
Containment 
 

Extraction Wells Extraction Wells 
 

Most effective means of containment. 
 

Removal Extraction 
 

Extraction Wells Extraction Wells 
 

Most effective means of removal 
 

Treatment Physical Treatment Adsorption 

 Chemical 
Treatment 

Ion Exchange 

  Precipitation/ 
Flocculation 

Adsorption 
 
Ion Exchange 

Effectively removes organics. 
 
Addresses inorganic compounds. 

Discharge Surface Discharge Direct to Surface 
Water 
 

  On-Site Beneficial 
Reuse 

  Discharge to POTW 

Discharge to POTW Treated groundwater would have 
concentrations below PRGs. 
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IDENTIFICATION AND PRELIMINARY SCREENING OF TECHNOLOGIES AND  

PROCESS OPTIONS FOR SEDIMENT 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 

GENERAL 
RESPONSE 

ACTION 

REMEDIAL 
TECHNOLOGY TYPE 

PROCESS OPTION DESCRIPTION OF PROCESS OPTION SCREENING COMMENTS 

No Action None Not Applicable No activities conducted to address 
contamination. 

Retained.  Use for baseline 
comparison, as required by NCP. 

Limited Action Institutional Controls Use Restrictions Implementation of administrative action 
to restrict recreational use. 

Retained for protection of human 
health.  Not protective of 
ecological receptors. 

 Access Restrictions Fencing/Signs/ 
Buoys/Enforcement 

Placement of fencing and buoys, and 
posting of warning signs to inform public 
of use restrictions and to deter access. 

Retained for protection of human 
health.  Not protective of 
ecological receptors. 

 Long-Term 
Monitoring 

Sediment 
Monitoring  

Periodic sediment sampling and analysis 
to assess potential contaminant 
migration.  Provides information to 
evaluate existing exposure risks. 

Retained as potentially applicable. 
 Can be combined with other 
GRAs for assessment of existing 
site conditions and exposure risks. 

Containment Permeable Cap Natural Cap Placement of natural materials (silts, fill, 
sand, gravel, and/or crushed stone) and 
stone/rock bedding over contaminated 
sediment to prevent direct contact and 
minimize erosion/contaminant migration. 

Eliminated for affected areas 
because of concern that the 
permeable cap would not properly 
contain the contaminants present 
in the sediment. 

  Multi-Media Cap Placement of multi-media cap (natural 
materials, geotextile, and armament 
material) over contaminated sediment.  
Provides greater protection than does 
natural cap, especially in high energy 
areas. 

Eliminated for affected areas 
because of concern that the 
permeable cap would not properly 
contain the contaminants present 
in the sediment. 
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GENERAL 
RESPONSE 

ACTION 

REMEDIAL 
TECHNOLOGY TYPE 

PROCESS OPTION DESCRIPTION OF PROCESS OPTION SCREENING COMMENTS 

Containment 
(Cont’d) 

Impermeable Cap Natural (Clay) Cap Placement of natural materials (clay) and 
stone/rock bedding over contaminated 
sediment to prevent direct contact and 
minimize erosion and contaminant 
migration. 

Eliminated.  Impermeable (low 
permeability and transmissivity) 
cap not appropriate for underwater 
application.  Any water movement 
and gas formation under the cap 
could become trapped and stress 
the integrity of the cap.  
Placement of cap would cause 
excessive turbidity in water 
column because of low 
settleability of fine clay particles. 

  Multi-Media Cap Placement of multi-media cap (natural 
material, geomembrane, and bedding 
material) over contaminated sediment to 
prevent direct contact and minimize 
erosion and contaminant migration. 

Eliminated.  Impermeable (low 
permeability and transmissivity) 
cap not appropriate for underwater 
application.  Any water movement 
and gas formation under the cap 
could become trapped and stress 
the integrity of the cap.  
Placement of the geomembrane 
would be difficult; it would tend to 
float on the water surface. 

Removal Excavation/Dredging Mechanical 
Excavation/ 
Dredging 

Use of mechanical force to dislodge 
contaminated sediment.  Includes 
clamshell, dipper, bucket ladder, or 
dragline dredges or conventional 
earthmoving equipment.  Also applicable 
for removal of debris. 

Retained.  Potentially applicable. 
Extensive erosion control 
measures required.  Particularly 
useful in areas where large rocks 
or debris is present. 
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GENERAL 
RESPONSE 

ACTION 

REMEDIAL 
TECHNOLOGY TYPE 

PROCESS OPTION DESCRIPTION OF PROCESS OPTION SCREENING COMMENTS 

Removal (Cont’d) Excavation/Dredging 
(Cont’d) 

Hydraulic Dredging Use of centrifugal force to remove 
contaminated sediment in a slurry.  
Includes suction, cutterhead, and/or 
portable hydraulic dredges. 

Retained.  Potentially applicable. 
Less extensive erosion control 
measures required.  Dewatering of 
slurry is required. 

  Pneumatic Dredging Use of compressed air and/or hydraulic 
pressure to remove contaminated 
sediment in a slurry.  Includes Airlift, 
Pneuma, and  Oozer dredges. 

Eliminated.  Not widely available 
in USA. 

Disposal On-Site/On-Base 
Disposal 

Confined Aquatic 
Disposal 

Disposal of dredged sediment in deep 
water disposal site. 

Eliminated.  Must be combined 
with containment to prevent 
marine biota exposure risks.  No 
known disposal area available. 

  Upland On-Site or 
On-Base Disposal 

Disposal of dredged sediment at on-site 
location adjacent to McAllister Point 
Landfill cap or at other on-base location. 

Eliminated.  Sufficient space not 
available at on-base disposal 
locations. 

 Off-Base Disposal Off-Base Landfill or 
TSDF 

Transport and disposal of dredged 
sediment at off-base landfill or TSDF 
licensed to accept the contaminant types 
detected. 

Retained.  Potentially applicable. 

Treatment (In-Situ) Chemical Treatment Neutralization/ 
Precipitation/ 
Oxidation 

Injection of treatment reagents into 
contaminated media to convert the 
contaminants to a less toxic form through 
chemical reactions.  Reagents are 
typically chosen for treatment of specific 
contaminants.  Toxic byproducts may 
form. 

Eliminated.  Containment of 
treated area and/or diversion of 
water required for the duration of 
the treatment.  Difficult to ensure 
treatment reagents are thoroughly 
mixed with contaminated 
sediment.  Reagents are not 
typically suited for treatment of all 
contaminants present. 



TABLE 3-5 (cont’d) 
IDENTIFICATION AND PRELIMINARY SCREENING OF TECHNOLOGIES  
AND PROCESS OPTIONS FOR SEDIMENT 
FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
PAGE 4 OF 8 
 
 

GENERAL 
RESPONSE 

ACTION 

REMEDIAL 
TECHNOLOGY TYPE 

PROCESS OPTION DESCRIPTION OF PROCESS OPTION SCREENING COMMENTS 

Treatment (In-Situ) 
(Cont’d) 

Biological Treatment Aerobic/Anaerobic 
Treatment  

Biodegradation of contaminants by 
injection of nutrients and/or organisms 
into contaminated media.  Effective for 
destruction of VOCs and SVOCs.  
Ineffective for inorganics. 

Eliminated.  Containment of 
treated area and/or diversion of 
water required.  Difficult to ensure 
complete mixing of nutrients.  Not 
effective in treating all site 
contaminants.  Lack of nutrients 
and low temperature may impede 
degradation process. 

  Phytoremediation Use of plants to naturally remediate 
contaminants via three mechanisms: 
direct uptake and accumulation in plant 
tissue, release of enzymes that stimulate 
microbial activity and biochemical 
transformation, and enhancement of 
mineralization in plants’ roots.  Effective 
for destruction of some VOCs and 
SVOCs and effective for absorbing many 
inorganics. 

Eliminated.  Root systems of 
plants may not extend deep 
enough to remediate 
contaminants at depth.  Wave 
action may impede adequate 
rooting of plants.  Not effective in 
treating all site contaminants.  
Inorganics accumulate in plants, 
so plants would require harvesting 
and replanting. 

 Physical Treatment Solidification/ 
Stabilization 

Immobilization of sediment and 
contaminants by treatment with reagents 
to solidify/fix them.  Most suitable for 
treatment of inorganics in a controlled 
environment. 

Eliminated.  Not feasible in area 
where solidified mass cannot be 
tolerated. 



TABLE 3-5 (cont’d) 
IDENTIFICATION AND PRELIMINARY SCREENING OF TECHNOLOGIES  
AND PROCESS OPTIONS FOR SEDIMENT 
FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
PAGE 5 OF 8 
 
 

GENERAL 
RESPONSE 

ACTION 

REMEDIAL 
TECHNOLOGY TYPE 

PROCESS OPTION DESCRIPTION OF PROCESS OPTION SCREENING COMMENTS 

Treatment (Ex-
Situ; On-Site/On-
Base) 
 
 
 
 
 
 

Thermal Treatment Thermal Desorption Volatilization of organic contaminants by 
an externally-fired rotary dryer and 
removal as a condensed liquid.  Proven 
for treatment of VOCs.  Limited 
applicability to remove SVOCs and 
PAHs.  Not applicable for inorganics or 
contaminants with low vapor pressures. 

Eliminated.  Does not address 
inorganic contaminants.  Dredged 
sediment may require significant 
dewatering prior to treatment.  
Would require pilot testing. 

 
 

 Infrared Incineration Pyrolysis of organic contaminants using 
near infrared radiation.  Not effective for 
treating inorganics.  Most applicable to 
low BTU soils and homogeneous waste 
streams. 

Eliminated.  Does not address 
inorganic contaminants.  
Inefficient for material with high 
water content.  Not cost effective; 
simpler processes available to 
treat contaminants. 

  Vitrification Contaminated sediment is melted into a 
glassy, crystalline monolith using electric 
current.  Applicable to treatment of both 
inorganics and organics. 

Eliminated.  Inefficient for high 
water content material.  
Performance may be affected by 
high concentrations of organics. 
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GENERAL 
RESPONSE 

ACTION 

REMEDIAL 
TECHNOLOGY TYPE 

PROCESS OPTION DESCRIPTION OF PROCESS OPTION SCREENING COMMENTS 

 
 
 
 
 
 
 
 
 
 
 
 
 

Chemical/Physical 
Treatment 

Soil Washing Particle-size separation process to 
reduce volume of materials requiring 
aggressive treatment.  Fraction 
containing fines is separated from coarse 
by washing process; fines containing 
majority of contaminants require 
additional treatment.  Contaminant 
removal using extractant solution.  
Solutions used include water, 
surfactants, acids, bases, and/or 
oxidizing or reducing agents.  Can 
remove both organics and inorganics in 
multiple extraction process. 

Eliminated.  Only suitable for 
materials with low fines content. 
Would require numerous 
extraction processes to remove 
the various contaminants 
identified in site sediments.  
Residual solvents and surfactants 
may be difficult to remove from 
treated sediment.  Not cost 
effective; simpler processes 
available to treat contaminants. 

Treatment (Ex-
Situ; On-Site/On-
Base) (Cont’d) 

Chemical/Physical 
Treatment (Cont’d) 

Solvent Extraction Preferential dissolution of contaminants 
from sediment into solvent.  Most 
effective for organic contaminants.  Can 
treat sediments in slurry form.  Solvent 
requires further processing or disposal.  
Treated material requires dewatering 
prior to disposal. 

Eliminated.  Residual solvents 
may be difficult to remove from 
treated sediment.  Requires 
bench-scale testing.  Not cost 
effective; simpler processes 
available to treat contaminants. 

  Wet Air Oxidation Oxidation of organic and inorganic 
contaminants in an aqueous reactor 
using molecular oxygen at elevated 
temperatures/ pressures.  Effectiveness 
proportional to sediment particle size; 
less effective on large grain sizes and 
heterogeneous waste streams. 

Eliminated.  Most effective on 
concentrated waste streams. 

  Solidification/ 
Stabilization 
 

Mixing of sediment with Portland cement, 
siliceous materials, lime, and/or 
proprietary agents, to form a chemically 

Retained.  Potentially applicable 
for treatment of inorganics and/or 
for use as a bulking agent.  Space 
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GENERAL 
RESPONSE 

ACTION 

REMEDIAL 
TECHNOLOGY TYPE 

PROCESS OPTION DESCRIPTION OF PROCESS OPTION SCREENING COMMENTS 

stable matrix of limited permeability.  
Most suitable for immobilizing inorganics. 
 Not proven effective for many organic 
contaminants.  May be used for bulking 
agents to reduce free liquids in 
dewatered sediment. 

is available on site for treatment. 

  Acid Extraction Washing of sediment with acid, and 
processing of effluent through a 
membrane or ion exchange system.  
Most effective for inorganics.  Not 
effective for organic wastes or waste 
materials. 

Eliminated.  Similar to solvent 
extraction, but for treatment of 
inorganics only.  Better suited for 
material with low fines content.  
Requires bench-scale testing.  Not 
cost effective; simpler processes 
available to treat contaminants. 

 
Treatment (Ex-
Situ; On-Site/On-
Base) (Cont’d) 

 
Chemical/Physical 
Treatment (Cont’d) 

 
Dechlorination 

 
Stripping of chlorine atoms from 
hazardous halogenated hydrocarbons 
using alkali metals or alkali 
metal/polyethylene glycol.  Effective for 
destruction of chlorinated organics, 
dioxin, and PCBs.  Ineffective for 
treatment of inorganics. 

 
Eliminated.  Not effective for 
treatment of PAHs, or metals. 

 Biological Treatment  Slurry Phase 
Biodegradation 

Preparation of dredged sediment into a 
pumpable slurry to which a nutrient-rich 
bacteria is added for degradation in a 
reactor system.  Most effective for 
organic contaminants.  Not effective for 
inorganics.  Limited effectiveness for 
PAHs.  Treated material requires 
dewatering prior to disposal. 

Eliminated.  Not effective in 
treating site contaminants. 

  Landfarming Aerobic biodegradation of contaminants Eliminated.  Not effective in 
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GENERAL 
RESPONSE 

ACTION 

REMEDIAL 
TECHNOLOGY TYPE 

PROCESS OPTION DESCRIPTION OF PROCESS OPTION SCREENING COMMENTS 

in sediment applied to the ground surface 
and amended with nutrients.  Effective 
for destruction of VOCs.  Ineffective for 
inorganics.  Limited effectiveness for 
PAHs. 

treating site contaminants. 

Treatment (Ex-
Situ; On-Site/On-
Base) (Cont’d) 

Biological Treatment  
(cont’d) 

Phytoremediation Use of plants to naturally remediate 
contaminants via three mechanisms: 
direct uptake and accumulation in plant 
tissue, release of enzymes that stimulate 
microbial activity and biochemical 
transformation, and enhancement of 
mineralization in plants’ roots.  Effective 
for destruction of some VOCs and 
SVOCs and effective for absorbing many 
inorganics. 

Eliminated.  Not effective in 
treating all site contaminants.  
Would require harvesting of plants 
and subsequent 
treatment/disposal and replanting. 

 
        Eliminated process option (see screening comment) 
 



TABLE 3-6 
REPRESENTATIVE PROCESS OPTIONS FOR SEDIMENT 

FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA, NAVSTA NEWPORT 

NEWPORT, RHODE ISLAND 
 

GENERAL 
RESPONSE 

ACTION (GRA) 

REMEDIAL 
TECHNOLOGY 

TYPE 

PROCESS OPTION REPRESENTATIVE PROCESS 
OPTION 

RATIONALE 

No Action 
 

No Action  Not Applicable No Action 
 

Required 
 

Limited Action Institutional 
Controls 

Use Restrictions 

 Access Restrictions Fencing/Signs/ 
Buoys/Enforcement 

 Long-Term 
Monitoring 

Sediment 
Monitoring 

Use Restrictions 
 
 
Sediment Monitoring 

Used to prevent exposure. 
 
 
Used for 5-year reviews 

Removal Excavation/ 
Dredging 
 

Mechanical 
Excavation/ 
Dredging 

Mechanical Excavation/ 
Dredging 

Most effective means of removal 
 

Disposal Off-Base Disposal Off-Base Landfill or 
TSDF 

Off-Base Landfill or TSDF Most effective means of disposal 

Treatment (ex 
situ; on site) 

Chemical/Physical 
Treatment 

Solidification/ 
Stabilization 

Solidification/Stabilization Effectively immobilizes contaminants 

 
 



 
TABLE 4-1 

SUMMARY OF SOIL ALTERNATIVES 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND  

 
Alternative Alternative Description 
Alternative 1:  No Action 
 

•  5-year reviews 

Alternative 2:  Removal, 
Ex situ Treatment, Backfill 

•  Pre-design investigation 
•  Excavation of the mounds and segregation of soil and debris 
•  Excavation of site to remove debris and contaminated soil 
•  Segregation and testing of debris and contaminated soil 
•  Removal and replacement of the on-site storm drains as needed 
•  Removal of inactive storm drains, sanitary piping, or other unused utilities 
•  Confirmation sampling of excavated areas to ensure complete removal of 

contaminated soil 
•  Temporary storage of contaminated and contaminant-free materials 
•  On-site treatment of contaminated soil with LTTS and soil washing 
•  Confirmation sampling of treated soil 
•  Backfill with treated soil supplemented with clean fill material 
•  Disposal of debris and treatment residues 
•  Construction of a new revetment along the shoreline 
 
•  Five-year review 
 

Alternative 3:  Removal, 
Disposal, Backfill 

•  Pre-design investigation 
•  Excavation of the mounds and segregation of soil and debris 
•  Excavation of site to remove debris and contaminated soil 
•  Segregation and testing of debris and contaminated soil 
•  Removal and replacement of the on-site storm drains as needed 
•  Removal of inactive storm drains, sanitary piping, or other unused utilities 
•  Confirmation sampling of excavated areas to ensure complete removal of 

contaminated soil 
•  Temporary storage of contaminated and contaminant-free materials 
•  Disposal of debris and non-hazardous soil at municipal landfill 
•  Disposal of hazardous soil at a TSDF 
•  Backfill with clean fill material 
•  Construction of new revetment along the shoreline 
•  Five-year review 
 

 
 



TABLE 4-2 
SUMMARY OF DETAILED ANALYSES OF ALTERNATIVES FOR SOIL REMEDIATION 

FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
 

Criteria Alternative 1 
No Action 

Alternative 2 
Removal, Ex situ 

Treatment, Backfill  

Alternative 3 
Removal and Disposal 

THRESHOLD CRITERIA 
Overall Protection of Human Health and the Environment 
Does Alternative Protect Current and Future Users? No Yes Yes 
Are Environmental Risks Reduced by Alternative? No Yes Yes 
Compliance with Applicable or Relevant and Appropriate Requirements (ARARs) 
Compliance with Chemical-Specific ARARs No Yes Yes 
Compliance with Location-Specific ARARs Not applicable Yes Yes 
Compliance with Action-Specific ARARs Not applicable Yes Yes 
Compliance with Other Criteria No Yes Yes 

BALANCING CRITERIA 
Long-Term Effectiveness and Permanence 
Does Alternative Reduce Residual Risk? No Yes Yes 
Does Alternative Provide Adequate Remedial Controls? No Yes Yes 
Need a 5-Year Review? Yes No No 
Need for Long-Term Management? Yes No No 
Reduction of Toxicity, Mobility, or Volume through Treatment 
Treatment Process Used None Volatilization, liquid 

dissoluton 
None 

Soil Treated No Yes Only if required (minimal 
volume) 

Reduction in Toxicity, Mobility, or Volume None Toxicity, mobility, and 
volume – reduced 

None 

Type and Quantity of Residuals Remaining after Treatment No treatment so no 
residuals 

Solid and liquid 
residuals; low quantity 

No residuals 

Short-Term Effectiveness 
Risks to the Community during Remedial Action No treatment so no 

construction risks 
Minimal Moderate, primarily due to 

truck traffic 
Risk to Workers during Remedial Action No treatment so no 

construction risks 
Some risks; easily 

controlled 
Some risks; easily controlled 

Environmental Impacts No treatment so no 
additional impacts 

Minimal  Minimal 

Time until Remedial Action Objectives Achieved No remedial action; 
time >30 years. 

Estimated 6 to 8 
months 

Estimated 4 to 6 months 
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Criteria Alternative 1 

No Action 
Alternative 2 

Removal, Ex situ 
Treatment, Backfill  

Alternative 3 
Removal and Disposal 

Implementability 
Constructable No construction 

activities 
Yes Yes 

Reliability of Technology No technology 
implemented 

Reliable Reliable 

Ease of Undertaking Additional Remedial Action, if Necessary Easily implementable High High 
Ability to Monitor Effectiveness of Remedy Not applicable Yes Yes 
Ability to Coordinate with Other Agencies Easy Moderately easy Moderately easy 
Availability of Off-Site Disposal Services None required Available Available 
Availability of Equipment and Specialists None required Available Available 
Availability of Prospective Technologies None required Available Available 
Costa,b 
Capital Costs $0 $11,897,000 $8,045,000 
Total Annual Operations and Maintenance (O&M) $0 $30,000 $30,000 
5-Year Review Costs $22,000 $22,000 $22,000 
Total Present Worth Project Costs $70,000 $11,957,000 $8,105,000 

 
aDetailed cost estimates are presented in Appendix F. 
bThese costs have been rounded off to the nearest $1,000. 



TABLE 4-3 
ASSESSMENT OF CHEMICAL-SPECIFIC ARARs AND TBCs 

SOIL ALTERNATIVE 1: NO ACTION 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
 

FEDERAL REQUIREMENTS 
 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
EPA Human Health 
Assessment Cancer 
Slope Factors (CSFs). 
 

 
 

 
To Be 
Considered 

 
These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. 
 

 
Used to compute the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media. 

 
EPA Risk Reference 
Doses (RfDs) 

 
 

 
To Be 
Considered 

 
Toxicity values for evaluating non-
carcinogenic hazards from exposures 
to contamination. 
 

 
Used to characterize human health risks due to 
non-carcinogens in site media. 
 

 
STATE OF RHODE ISLAND REQUIREMENTS 
 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
State of Rhode Island 
Rules and Regulations 
for the Investigation 
and Remediation of 
Hazardous Material 
Releases (Short Title: 
Remediation 
Regulations)  
 

 
CRIR 12-180-
001, Section 8; 
DEM-DSR-01-
93, as amended 
August 1996 

 
Relevant 
and 
Appropriate 

 
These regulations set remediation 
standards for contaminated media at 
non-NPL sites in Rhode Island.  
These standards may also be 
determined to be relevant and 
appropriate for NPL sites when they 
are more stringent than federal 
standards. 

 
These standards are relevant and appropriate 
and were used in developing soil PRGs.  This 
alternative fails to meet this standard because 
soil exceeding PRGs is not addressed. 

          
 



TABLE 4-4 
ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 

SOIL ALTERNATIVE 1: NO ACTION 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
  

FEDERAL REQUIREMENTS  
  

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain 
ARAR 

 
 

There are no federal location-specific ARARS. 
 
 

 
 

STATE OF RHODE ISLAND REQUIREMENTS 
 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain 
ARAR 

 
 

There are no state location-specific ARARs 
 
 

 



TABLE 4-5 
ASSESSMENT OF ACTION-SPECIFIC ARARs AND TBCs 

SOIL ALTERNATIVE 1: NO ACTION 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT,NEWPORT, RHODE ISLAND 

 
  

FEDERAL REQUIREMENTS 
 
 

Requirement 
 

Citation 
 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
 
 

 
 

 
 
 
There are no federal action-specific ARARs. 
 

 
 
 

 
STATE OF RHODE ISLAND REQUIREMENTS 
 
 

Requirement 
 

Citation 
 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
 
 

 
 

 
 
 
There are no state action-specific ARARs. 
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ASSESSMENT OF CHEMICAL-SPECIFIC ARARs AND TBCs 

SOIL ALTERNATIVE 2: REMOVAL, EX SITU TREATMENT, BACKFILL 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

  
FEDERAL REQUIREMENTS  
  

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
EPA Human Health 
Assessment Cancer 
Slope Factors (CSFs). 
 

 
 

 
To Be 
Considered 

 
These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. 
 

 
Used to compute the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media. 

 
EPA Risk Reference 
Doses (RfDs) 

 
 

 
To Be 
Considered 

 
Toxicity values for evaluating non-
carcinogenic hazards from exposures 
to contamination. 
 

 
Used to characterize human health risks due to 
non-carcinogens in site media. 
 

 
STATE OF RHODE ISLAND REQUIREMENTS 
 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
State of Rhode Island 
Rules and Regulations 
for the Investigation 
and Remediation of 
Hazardous Material 
Releases (Short Title: 
Remediation 
Regulations)  
 
 
 

 
CRIR 12-180-
001, Section 8; 
DEM-DSR-01-
93, as amended 
August 1996 

 
Relevant 
and 
Appropriate 

 
These regulations set remediation 
standards for contaminated media at 
non-NPL sites in Rhode Island.  
These standards may also be 
determined to be relevant and 
appropriate for NPL sites when they 
are more stringent than federal 
standards. 

 
These standards are relevant and appropriate 
and were used to develop soil PRGs.  This 
alternative meets this standard because soil 
exceeding PRGs is treated to meet desired 
goals. 
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ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 

SOIL ALTERNATIVE 2: REMOVAL, EX SITU TREATMENT, BACKFILL 
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FEDERAL REQUIREMENTS 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain 
ARAR  

Coastal Zone 
Management  Act 

 
16 USC Parts 
1451 et. seq. 

 
Applicable 

 
Requires that any actions must be 
conducted in a manner consistent with 
state approved management 
programs.    

 
The site is located next to  a coastal 
zone management area, therefore, 
applicable coastal zone 
management requirements need to 
be addressed. 

 
Executive Order 11988 
RE:  Floodplain 
Management 
 
 
 
 
 

 
40 CFR Part 6, 
Appendix A 

 
Applicable 
 

 
The Order requires Federal agencies 
to evaluate the potential effects of 
actions it  may take within a 
designated 100-year floodplain of a 
waterway to avoid adversely 
impacting floodplains wherever 
possible. 

 
Excavation next to bay may impact 
floodplain. The potential for 
restoring and preserving floodplains 
so that their natural and beneficial 
values can be realized will be 
considered and incorporated into 
any plan or action wherever 
feasible.  No long-term impact to 
the floodplain is anticipated. 

 
STATE OF RHODE ISLAND REQUIREMENTS 

  
Requirement 

 
Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain 

ARAR 
 
Coastal Resources 
Management 

 
RIGL 46-23-1 
et seq.   

 
Applicable 

 
Sets standards for management and 
protection of coastal resources. 

 
The entire site is located in a 
coastal resource management 
area, therefore, applicable 
coastal resource management 
requirements need to be 
addressed. 

 



 
TABLE 4-8 

ASSESSMENT OF ACTION-SPECIFIC ARARs AND TBCs 
SOIL ALTERNATIVE 2: REMOVAL, EX SITU TREATMENT, BACKFILL 

FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
 

FEDERAL REQUIREMENTS 
 

 
Requirement 

 
Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
Clean Air Act (CAA), 
National Emission 
Standards for Hazardous 
Air Pollutants (NESHAPS) 
 

 
42 USC 7411, 
7412; 40 CFR 
Part 61 

 
Applicable 

 
NESHAPS are a set of emission 
standards for specific chemicals, 
including naphthalene, arsenic, 
cadmium, chromium, lead, mercury, 
nickel, PCBs, DDE, and 
hexachlorobenzene.  Certain activities 
are regulated including site 
remediation. 

 
Monitoring of air emissions from 
LTTS will be used to assess 
compliance with these standards if 
threshold levels are reached.  
Operation and maintenance activities 
will be carried out in a manner which 
will minimize potential air releases. 

 
Resource Conservation 
and Recovery Act (RCRA), 
Subtitle C - Standards for 
Hazardous Waste 
Facilities 
 

 
42 USC 6291 et 
seq. 

 
Applicable 

 
Rhode Island is delegated to 
administer the federal RCRA statute 
through its state regulations.  The 
standards of 40 CFR Part 264 are 
incorporated by reference. 

 
Areas of debris and soils will be 
tested to determine if they constitute 
hazardous waste.  Any hazardous 
waste identified and treatment 
residues, filters etc will be tested for 
hazardous characteristics and will be 
handled and disposed according to 
these standards.  

Clean Water Act (CWA), 
Section 402, National 
Pollutant Discharge 
Elimination System 
(NPDES) 
 

 
33 USC 1342; 
40 CFR Parts 
122-125, 131 

 
Applicable 

 
These standards govern discharge of 
water into surface waters.  Regulated 
discharges must meet ambient water 
quality criteria. 

 
Any water from temporary storage 
area will be treated as required to 
meet this ARAR before being 
discharged. 

 



TABLE 4-9 
ASSESSMENT OF CHEMICAL-SPECIFIC ARARs AND TBCs 

SOIL ALTERNATIVE 3: REMOVAL AND DISPOSAL 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

  
FEDERAL REQUIREMENTS  
  

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
EPA Human Health 
Assessment Cancer 
Slope Factors (CSFs). 
 

 
 

 
To Be 
Considered 

 
These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. 
 

 
Used to compute the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media. 

 
EPA Risk Reference 
Doses (RfDs) 

 
 

 
To Be 
Considered 

 
Toxicity values for evaluating non-
carcinogenic hazards from exposures 
to contamination. 
 

 
Used to characterize human health risks due to 
non-carcinogens in site media. 
 

 
STATE OF RHODE ISLAND REQUIREMENTS 
 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
State of Rhode Island 
Rules and Regulations 
for the Investigation 
and Remediation of 
Hazardous Material 
Releases (Short Title: 
Remediation 
Regulations)  
 
 
 

 
CRIR 12-180-
001, Section 8; 
DEM-DSR-01-
93, as amended 
August 1996 

 
Relevant 
and 
Appropriate 

 
These regulations set remediation 
standards for contaminated media at 
non-NPL sites in Rhode Island.  
These standards may also be 
determined to be relevant and 
appropriate for NPL sites when they 
are more stringent than federal 
standards. 

 
These standards are relevant and appropriate 
and were used to develop soil PRGs.  This 
alternative meets this standard because soil 
exceeding PRGs is excavated and disposed at 
TSDF. 
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STATE OF RHODE ISLAND REQUIREMENTS 
  

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 
Action to Be Taken to Attain ARAR 

 
Hazardous Waste 
Management - Standards 
for Treatment, Storage, 
and Disposal Facilities 

 
RIGL 23-19.1 et 
seq.; CRIR 12-
030-003(10.00) 

 
Applicable 

 
Outlines specifications and standards 
for design, operation, closure, and 
monitoring of performance for 
hazardous waste storage, treatment, 
and disposal facilities.  The standards 
of 40 CFR Part 264 are incorporated 
by reference.  

 
Treated soil will be tested to meet all 
requirement before used as backfill. 
 Any treatment filters or residues will 
be tested for hazardous 
characteristics and handled 
according to applicable standards.  

 
Clean Air Act - Fugitive 
Dust Control 

 
RIGL 23-23 et 
seq.; CRIR 12-
31-05  

 
Applicable 

 
Requires that reasonable precaution 
be taken to prevent particulate matter 
from becoming airborne. 

 
Removal, LTTS Treatment and 
processing, and temporary storage 
of debris and soil during the 
implementation of alternative would 
be implemented to prevent material 
from becoming airborne. 

 
Clean Air Act - Emissions 
Detrimental to Persons or 
Property 

 
RIGL 23-23 et 
seq.; CRIR 12-
31-07 

 
Applicable 

 
Prohibits emissions of contaminants 
which may be injurious to humans, 
plant or animal life or cause damage 
to property or which reasonably 
interferes with the enjoyment of life 
and property. 

 
Removal, LTTS Treatment and 
processing, and temporary storage 
of debris and soil during the 
implementation of alternative would 
be implemented to prevent material 
from becoming airborne.  Monitoring 
of air emissions from the LTTS will 
be used to assess compliance with 
these standards if threshold levels 
are reached.   
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STATE OF RHODE ISLAND REQUIREMENTS (cont.) 

  
Requirement 

 
Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
Clean Air Act - Air 
Pollution Control 

 
RIGL 23-23 et 
seq.; CRIR 12-
31-09 

 
Applicable 

 
Establishes guidelines for the 
construction, installation, or operation 
of potential air emission units.  
Establishes permissible emission 
rates for some contaminants. 

 
Site processing of soil through LTTS 
and treatment of off-gas will meet 
the substantive provisions of the 
standards if threshold levels are 
reached. 

 
Clean Air Act - Air Toxics 

 
RIGL 23-23 et 
seq.; CRIR 12-
31-22 

 
Applicable 

 
Prohibits the emission of specified 
contaminants at rates which would 
result in ground level concentrations 
greater than acceptable ambient 
levels or acceptable ambient levels 
as set in the regulations 

 
Monitoring of air emissions from the 
LTTS facility will be used to assess 
compliance with these standards if 
threshold levels are reached.  
Operation and maintenance 
activities will be carried out in a 
manner which will minimize potential 
air releases. 

 
Water Pollution Control - 
Water Quality 

 
RIGL 42-16 et 
seq.; CRIR 
12-190-001  

 
Applicable 

 
Establishes water use classification 
and water quality criteria for waters of 
the state. Also establishes criteria for 
discharge to a water body. 

 
Any water from temporary storage 
area will be treated as required to 
meet this ARAR before being 
discharged. 

 
Water Pollution Control - 
Pollution Discharge 
Elimination Systems 

 
RIGL 42-16 et 
seq.; CRIR 
12-190-003 

 
Applicable 

 
Contains applicable effluent 
monitoring requirements, and 
standards and special conditions for 
discharges. 

 
The substantive provisions of these 
standards will be satisfied through 
on-site treatment of all discharges 
prior to being discharged. 

 



 
 

TABLE 4-10 
ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 

SOIL ALTERNATIVE 3: REMOVAL AND DISPOSAL 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
FEDERAL REQUIREMENTS 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain 
ARAR  

Coastal Zone 
Management  Act 

 
16 USC Parts 
1451 et. seq. 

 
Applicable 

 
Requires that any actions must be 
conducted in a manner consistent with 
state-approved management 
programs.    

 
The site is located next to a coastal 
zone management area; therefore, 
applicable coastal zone 
management requirements need to 
be addressed. 

 
Executive Order 11988 
RE:  Floodplain 
Management 
 
 
 
 
 

 
40 CFR Part 6, 
Appendix A 

 
Applicable 
 

 
The Order requires Federal agencies 
to evaluate the potential effects of 
actions it  may take within a 
designated 100-year floodplain of a 
waterway to avoid adversely 
impacting floodplains wherever 
possible. 

 
Excavation next to bay may impact 
floodplain. The potential for 
restoring and preserving floodplains 
so that their natural and beneficial 
values can be realized will be 
considered and incorporated into 
any plan or action wherever 
feasible.  

 
STATE OF RHODE ISLAND REQUIREMENTS 

  
Requirement 

 
Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain 

ARAR 
 
Coastal Resources 
Management 

 
RIGL 46-23-1 
et seq.   

 
Applicable 

 
Sets standards for management and 
protection of coastal resources. 

 
The entire site is located in a 
coastal resource management 
area, therefore, applicable 
coastal resource management 
requirements need to be 
addressed. 

 



TABLE 4-11 
ASSESSMENT OF ACTION-SPECIFIC ARARs AND TBCs 

SOIL ALTERNATIVE 3: REMOVAL AND DISPOSAL 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
FEDERAL REQUIREMENTS 
 

 
Requirement 

 
Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
Clean Air Act (CAA), 
National Emission 
Standards for Hazardous 
Air Pollutants (NESHAPS) 
 

 
42 USC 7411, 
7412; 40 CFR 
Part 61 

 
Applicable 

 
NESHAPS are a set of emission 
standards for specific chemicals, 
including naphthalene, arsenic, 
cadmium, chromium, lead, mercury, 
nickel, PCBs, DDE, and 
hexachlorobenzene.  Certain activities 
are regulated including site 
remediation. 

 
Monitoring of air emissions during 
excavation  will be used to assess 
compliance with these standards if 
threshold levels are reached.  
Operation and maintenance activities 
will be carried out in a manner which 
will minimize potential air releases. 

 
Resource Conservation 
and Recovery Act (RCRA), 
Subtitle C - Standards for 
Hazardous Waste 
Facilities 
 

 
42 USC 6291 et 
seq. 

 
Applicable 

 
Rhode Island is delegated to 
administer the federal RCRA statute 
through its state regulations.  The 
standards of 40 CFR Part 264 are 
incorporated by reference. 

 
Areas of debris and soils will be 
tested to determine if they constitute 
hazardous waste.  Any hazardous 
waste identified will be handled and 
disposed according to these 
standards.  

Clean Water Act (CWA), 
Section 402, National 
Pollutant Discharge 
Elimination System 
(NPDES) 
 

 
33 USC 1342; 
40 CFR Parts 
122-125, 131 

 
Applicable 

 
These standards govern discharge of 
water into surface waters.  Regulated 
discharges must meet ambient water 
quality criteria. 

 
Any water from temporary storage 
area will be treated as required to 
meet this ARAR before being 
discharged. 

 
STATE OF RHODE ISLAND REQUIREMENTS 

  
Requirement 

 
Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
Clean Air Act - Fugitive 
Dust Control 

 
RIGL 23-23 et 
seq.; CRIR 12-
31-05  

 
Applicable 

 
Requires that reasonable precaution 
be taken to prevent particulate matter 
from becoming airborne. 

 
Removal,  and temporary storage of 
debris and soil during the 
implementation of alternative would 
be implemented to prevent material 
from becoming airborne. 
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STATE OF RHODE ISLAND REQUIREMENTS (CONT’D) 
 

 
Requirement 

 
Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
Clean Air Act - Emissions 
Detrimental to Persons or 
Property 

 
RIGL 23-23 et 
seq.; CRIR 12-
31-07 

 
Applicable 

 
Prohibits emissions of contaminants 
which may be injurious to humans, 
plant or animal life or cause damage 
to property or which reasonably 
interferes with the enjoyment of life 
and property. 

 
Removal and temporary storage of 
debris and soil during the 
implementation of alternative would 
be implemented to prevent material 
from becoming airborne.  Monitoring 
of air emissions during removal will 
be used to assess compliance with 
these standards if threshold levels 
are reached.   

 
Clean Air Act - Air 
Pollution Control 

 
RIGL 23-23 et 
seq.; CRIR 12-
31-09 

 
Applicable 

 
Establishes guidelines for the 
construction, installation, or operation 
of potential air emission units.  
Establishes permissible emission 
rates for some contaminants. 

 
No emissions are expected, 
however, removal action would be 
monitored and any if any control 
system is required it  will meet the 
substantive provisions of the 
standards if threshold levels are 
reached. 

 
Clean Air Act - Air Toxics 

 
RIGL 23-23 et 
seq.; CRIR 12-
31-22 

 
Applicable 

 
Prohibits the emission of specified 
contaminants at rates which would 
result in ground level concentrations 
greater than acceptable ambient 
levels or acceptable ambient levels 
as set in the regulations 

 
Monitoring of air emissions  during 
excavation will be used to assess 
compliance with these standards if 
threshold levels are reached.  
Operation and maintenance 
activities will be carried out in a 
manner which will minimize potential 
air releases. 
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STATE OF RHODE ISLAND REQUIREMENTS (CONT’D) 
 

 
Requirement 

 
Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
Hazardous Waste 
Management Standards 
for Treatment, Storage, 
and Disposal Facilities 

RIGL 23-19.1 et 
seq.; CRIR 12-
030-003 

 
Applicable 

 
Sets standards for handling, design, 
operation, and monitoring of 
hazardous waste.  The standards of 
40 CFR Part 264 are incorporated by 
reference. 

 
Areas of debris and soils will be 
tested to determine if they constitute 
hazardous waste.  Any hazardous 
waste identified will be handled and 
disposed according to these 
standards. 

 



TABLE 4-12 
SUMMARY OF COMPARATIVE ANALYSIS OF SOIL ALTERNATIVES 

FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
 
 

Criteria Alternative 1 
No Action 

Alternative 2 
Removal, Ex situ 

Treatment, Backfill  

Alternative 3 
Removal and Disposal 

THRESHOLD CRITERIA 
Overall Protection of Human Health and the Environment 
Human Health Protection No reduction in 

risk 
Provides high level of 
protection.  Exposure 

reduced by excavation and 
treatment.  Treatment 

reduces exposure hazard 
from soil. 

Provides high level of 
protection.  Removal 
reduces future site 

exposure hazard from soil. 

Environmental Protection Allows continued 
exposure of 

contaminated soil. 

Will prevent further 
exposure through removal 

and treatment. 

Will provide protection at 
the site, however,  future 

exposure from 
contaminants depends on 
treatment, storage, and 
disposal facility (TSDF). 

Compliance with Applicable or Relevant and Appropriate Requirements 
Compliance with Chemical-Specific ARARs No Will meet PRGs within 1 

year. 
Will meet PRGs within 1 

year. 
Compliance with Location-Specific ARARs Not applicable Will be performed in 

accordance with floodplain, 
wetland, wildlife, and 
historic preservation 

regulations. 

Will be performed in 
accordance with 

floodplain, wetland, 
wildlife, and historic 

preservation regulations. 
Compliance with Action-Specific ARARs Not applicable Excavation and treatment 

systems will require dust 
suppression, silt fences, 

etc. 

Excavation and treatment 
systems will require dust 
suppression, silt fences, 

etc. 
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Criteria Alternative 1 
No Action 

Alternative 2 
Removal, Ex situ 

Treatment, Backfill  

Alternative 3 
Removal and Disposal 

BALANCING CRITERIA 
Long-Term Effectiveness and Permanence 
Magnitude of Residual Risk Will not meet 

either RIDEM or 
EPA risk target 

levels 

Will be less than target 
cumulative cancer risk of  

10-5 and HI of 1.0 

Will be less than target 
cumulative cancer risk of  

10-5 and HI of 1.0 

Need for 5-Year Review Required Not Required Not Required 
Need for Long-Term Management Not applicable None None 
Adequacy and Reliability of Controls Not applicable Provides a good level of 

reliability of residual 
management.  Controls 

are adequate and reliable. 

No residuals requiring 
management will be 

generated. 

Reduction of Toxicity, Mobility, or Volume through Treatment 
Amount Destroyed or Treated None; only natural 

attenuation 
Contaminant reduction of 

99% 
Removal (by excavation) 
efficiency of 99%.  Small 

amount destroyed or 
treated. 

Reduction in Toxicity, Mobility, and Volume None; only natural 
attenuation 

Mobility and volume 
reduced 

None 

Degree to which Treatment Is Irreversible No active 
treatment 

Low-Temperature Thermal 
Stripping (LTTS) and soil 
washing are considered 

permanent. 

Removal is not considered 
permanent unless there is 

treatment at the TSDF. 

Type and Quantity of Residuals Remaining after 
Treatment 

No active 
treatment 

LTTS and soil washing 
treatments will produce 
small quantity of liquids 

and activated carbon 
residuals. 

Not applicable, no 
residuals 
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Criteria Alternative 1 
No Action 

Alternative 2 
Removal, Ex situ 

Treatment, Backfill  

Alternative 3 
Removal and Disposal 

BALANCING CRITERIA 
Short-Term Effectiveness 
Community Protection during Implementation No active 

treatment; no risk 
to community 

Dust and air emissions 
from excavation and 

treatment activities can be 
controlled. 

Dust from excavation and 
removal activities can be 

controlled.  Increased truck 
traffic in the community. 

Worker Protection during Implementation No active 
treatment; no risk 

to workers 

PPE required against 
dermal contact, dust 
inhalation, and air 
emissions during 
construction and 

treatment. 

PPE required against 
dermal contact and dust 

inhalation during 
excavation. 

Environmental Impacts No impact from 
alternative 

implementation 

Impacts from dust and air 
emissions, soil erosion, 
etc., can be controlled. 

Impacts from dust and soil 
erosion, etc., can be 

controlled. 
Time until Remedial Action Objectives Achieved > 30 years Estimated 6-8 months. Estimated 4-6 months 
Implementability 
Ability to Construct and Operate the Technology No construction 

activities 
Implementable.  

Applicability depends on 
type of soil and pilot 

testing may be required. 

Implementable.  
Contractors and equipment 

readily available. 

Reliability of the Technology No treatment Average reliability.  
Requires considerable 

maintenance. 

Better reliability.  Properly 
maintained earthmoving 
equipment will have few 

failures. 
Ease of Undertaking Additional Remedial 
Actions, if Necessary 

Easily 
implementable 

Additional soil removals 
can be easily 
implemented. 

Additional soil removals 
can be easily 
implemented. 

Ability to Monitor Effectiveness of Remedy Not applicable System efficiencies and 
failures can readily be 

monitored.  System failure 
may allow uncontrolled air 
emissions and backfilling 

of contaminated soil. 

Area and depth of removal 
can easily be monitored.  
Monitoring failure could 

allow contaminated soil to 
remain in place. 
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Criteria Alternative 1 
No Action 

Alternative 2 
Removal, Ex situ 

Treatment, Backfill  

Alternative 3 
Removal and Disposal 

BALANCING CRITERIA 
Administrative Requirements with Regulators No active  

treatment 
Need to comply with all 
ARAR standards.  No 
on0site permits will be 

required.   

Federal, state, and/or base 
permits may be required 
for transportation, off-site 
treatment and disposal. 
Need to comply with all 

ARAR standards.  No on-
site permits will be 

required.  TSDF should 
have a permit. 

Availability of Off-Site TSDF None required Available Available 
Availability of Necessary Equipment and 
Specialists 

None required Available Available 

Availability of Prospective Technologies None required Available Available 
Costa,b 
Capital Costs $0 $11,897,000 $8,045,000 
Total Annual Operations and Maintenance 
(O&M) 

$0 $30,000 $30,000 

5-Year Reviews $22,000 $22,000 $22,000 
Total Present Worth Project Costs $70,000 $11,957,000 $8,105,000  

aDetailed cost estimates are presented in Appendix F. 
bThese costs have been rounded off to the nearest $1,000. 

 



 
TABLE 5-1 

SUMMARY OF GROUNDWATER ALTERNATIVES 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 

Alternative Alternative Description  
Alternative 1:  No Action • Five-year reviews 
Alternative 2:  Limited 
Action 

• Groundwater use restrictions 
• Long-term monitoring of use restrictions 
• Long-term monitoring of groundwater 
• Five-year reviews 

Alternative 3:  Extraction 
and Treatment 

• Pre-design investigation 
• Installation of eight groundwater extraction wells 
• Installation of a groundwater treatment system (ion exchange and liquid-phase 

carbon adsorption) 
• Discharge of treated water to POTW 
• Long-term groundwater monitoring 
• Five-year reviews 

 



TABLE 5-2 
SUMMARY OF DETAILED ANALYSES OF ALTERNATIVES FOR GROUNDWATER REMEDIATION 

FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
 

Criteria Alternative 1 
No Action 

Alternative 2 
Limited Action 

Alternative 3 
Extraction and Treatment 

THRESHOLD CRITERIA 
Overall Protection of Human Health and the Environment 
Does Alternative Protect Current and Future Users? No Yes Yes 
Are Environmental Risks Reduced by Alternative? No Yes, by natural 

processes 
Yes 

Compliance with Applicable or Relevant and Appropriate Requirements (ARARs) 
Compliance with Chemical-Specific ARARs No Yes Yes 
Compliance with Location-Specific ARARs Not applicable Yes Yes 
Compliance with Action-Specific ARARs Not applicable Yes Yes 
Compliance with Other Criteria No Yes Yes 

BALANCING CRITERIA 
Long-Term Effectiveness and Permanence 
Does Alternative Reduce Residual Risk? No No Yes 
Does Alternative Provide Adequate Remedial Controls? No Yes Yes 
Need a 5-Year Review? Yes Yes Yes 
Need for Long-Term Management? Yes Yes Yes 
Reduction of Toxicity, Mobility, or Volume through Treatment 
Treatment Process Used None None Ion exchange, activated 

carbon adsorption 
Groundwater Treated No No Yes 
Reduction in Toxicity, Mobility, or Volume None None Toxicity, mobility, and volume 

– reduced 
Type and Quantity of Residuals Remaining after Treatment No treatment so no 

residuals 
No treatment so no 

residuals 
Spent exchange resins and 

activated carbon 
Short-Term Effectiveness 
Risks to the Community during Remedial Action No treatment so no 

construction risks 
Minimal Minimal 

Risk to Workers during Remedial Action No treatment so no 
construction risks 

Minimal Some risks; easily controlled 

Environmental Impacts No treatment so no 
additional impacts 

Minimal  Minimal 

Time until Remedial Action Objectives Achieved No remedial action; 
time >30 years. 

>30 years >30 years 
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Criteria Alternative 1 

No Action 
Alternative 2 

Limited Action 
Alternative 3 

Extraction and Treatment 
Implementability 
Constructable No construction 

activities 
No construction 

activities 
Yes 

Reliability of Technology No technology 
implemented 

Reliable Reliable 

Ease of Undertaking Additional Remedial Action, if Necessary Easily implementable High High 
Ability to Monitor Effectiveness of Remedy Not applicable Yes Yes 
Ability to Coordinate with Other Agencies Easy Easy Moderately easy 
Availability of Off-Site Disposal Services None required None Required Available 
Availability of Equipment and Specialists None required Available Available 
Availability of Prospective Technologies None required Available Available 
Costa,b 
Capital Costs $0 $53,000 $586,000 
Total Annual Operations and Maintenance (O&M) $0 $44,000 (years 1-5) 

$11,000 (others) 
$158,000 (years 1-5) 
$59,000 (other years) 

5-Year Review Costs $22,000 $22,000 $22,000 
Total Present Worth Project Costs $70,000 $543,000 $2,128,000 

 
aDetailed cost estimates are presented in Appendix F. 
bThese costs have been rounded off to the nearest $1,000. 



TABLE 5-3 
ASSESSMENT OF CHEMICAL-SPECIFIC ARARs AND TBCs 

GROUNDWATER ALTERNATIVE 1: NO ACTION 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
 

FEDERAL REQUIREMENTS 
 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
EPA Human Health 
Assessment Cancer 
Slope Factors (CSFs). 
 

 
 

 
To Be 
Considered 

 
These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. 
 

 
Used to compute the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media. 

 
EPA Risk Reference 
Doses (RfDs) 

 
 

 
To Be 
Considered 

 
Toxicity values for evaluating non-
carcinogenic hazards from exposures 
to contamination. 
 

 
Used to characterize human health risks due to 
non-carcinogens in site media. 
 

 
STATE OF RHODE ISLAND REQUIREMENTS 
 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
State of Rhode Island 
Rules and Regulations 
for the Investigation 
and Remediation of 
Hazardous Material 
Releases (Short Title: 
Remediation 
Regulations) 
 

 
CRIR 12-180-
001, Section 8; 
DEM-DSR-01-
93, as amended 
August 1996 

 
To Be 
Considered 

 
These regulations set remediation 
standards for contaminated media at 
non-NPL sites in Rhode Island.  
These standards may also be 
determined to be relevant and 
appropriate for NPL sites when they 
are more stringent than federal 
standards. 

 
These standards were considered in the  
development of groundwater PRGs based on 
the implausible use of the groundwater as a 
water supply. 

 



TABLE 5-4 
ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 

GROUNDWATER ALTERNATIVE 1: NO ACTION 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
  

FEDERAL REQUIREMENTS  
  

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain 
ARAR 

 
 

There are no federal location-specific ARARS. 
 
 

 
 
 

STATE OF RHODE ISLAND REQUIREMENTS 
 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain 
ARAR 

 
 

There are no state location-specific ARARs 
 
 

 
 
 
 
 
 



TABLE 5-5 
ASSESSMENT OF ACTION-SPECIFIC ARARs AND TBCs 

GROUNDWATER ALTERNATIVE 1: NO ACTION 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
  

FEDERAL REQUIREMENTS 
 
 

Requirement 
 

Citation 
 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
 
 

 
 

 
 
 
There are no federal action-specific ARARs. 
 

 
 
 

 
STATE OF RHODE ISLAND REQUIREMENTS 
 
 

Requirement 
 

Citation 
 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
 
 

 
 

 
 
 
There are no state action-specific ARARs. 
 

 
 
 

 



TABLE 5-6 
ASSESSMENT OF CHEMICAL-SPECIFIC ARARs AND TBCs 

GROUNDWATER ALTERNATIVE 2: LIMITED ACTION 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

  
FEDERAL REQUIREMENTS  
  

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
EPA Human Health 
Assessment Cancer 
Slope Factors (CSFs). 
 

 
 

 
To Be 
Considered 

 
These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. 
 

 
Used to compute the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media. 

 
EPA Risk Reference 
Doses (RfDs) 

 
 

 
To Be 
Considered 

 
Toxicity values for evaluating non-
carcinogenic hazards from exposures 
to contamination. 
 

 
Used to characterize human health risks due to 
non-carcinogens in site media. 
 

 
STATE OF RHODE ISLAND REQUIREMENTS 
 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
State of Rhode Island 
Rules and Regulations 
for the Investigation 
and Remediation of 
Hazardous Material 
Releases (Short Title: 
Remediation 
Regulations) 
 

 
CRIR 12-180-
001, Section 8; 
DEM-DSR-01-
93, as amended 
August 1996 

 
To Be 
Considered 

 
These regulations set remediation 
standards for contaminated media at 
non-NPL sites in Rhode Island.  
These standards may also be 
determined to be relevant and 
appropriate for NPL sites when they 
are more stringent than federal 
standards. 

 
These standards were considered in the  
development of groundwater PRGs based on 
the implausible use of the groundwater as a 
water supply. 

 



 
 

TABLE 5-7 
ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 

GROUNDWATER ALTERNATIVE 2: LIMITED ACTION 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
FEDERAL REQUIREMENTS 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain 
ARAR  

Coastal Zone 
Management  Act 

 
16 USC Parts 
1451 et. seq. 

 
Applicable 

 
Requires that any actions must be 
conducted in a manner consistent with 
state approved management 
programs.    

 
The site is located next to  a coastal 
zone management area, therefore, 
applicable coastal zone 
management requirements need to 
be addressed. 

 
STATE OF RHODE ISLAND REQUIREMENTS 

  
Requirement 

 
Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain 

ARAR 
 
Coastal Resources 
Management 

 
RIGL 46-23-1 
et seq.   

 
Applicable 

 
Sets standards for management and 
protection of coastal resources. 

 
The entire site is located in a 
coastal resource management 
area, therefore, applicable 
coastal resource management 
requirements need to be 
addressed. 

 



 
TABLE 5-8 

ASSESSMENT OF ACTION-SPECIFIC ARARs AND TBCs 
GROUNDWATER ALTERNATIVE 2: LIMITED ACTION 

FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
 

FEDERAL REQUIREMENTS 
 

 
Requirement 

 
Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
Safe Drinking Water Act 
Maximum Contaminant 
Levels (MCLs) 
 

 
40 CFR 141.11-
141.16 

 
To Be Considered 

 
These standards are for protection of 
drinking water sources.  MCLs 
consider health factors as well as 
economic and technical feasibility of 
removing a contaminant. 

 
MCLs were considered in 
development of PRGs, based on an 
implausible use of the groundwater 
for a drinking water supply. 

 
STATE OF RHODE ISLAND REQUIREMENTS 
  

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
Water Pollution Control - 
Water Quality 

 
RIGL 42-16 et 
seq.; CRIR 
12-190-001  

 
Applicable 

 
Establishes water use classification 
and water quality criteria for waters of 
the state. 

 
Groundwater concentrations will be 
compared against these criteria during 
the long-term monitoring events. 

 



TABLE 5-9 
ASSESSMENT OF CHEMICAL-SPECIFIC ARARs AND TBCs 

GROUNDWATER ALTERNATIVE 3: EXTRACTION AND TREATMENT 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

  
FEDERAL REQUIREMENTS  
  

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
Safe Drinking Water 
Act Maximum 
Contaminant Levels 
(MCLs) 

 
40 CFR 141.11-
141.16 

To Be 
Considered 

 
These standards are for protection of 
drinking water sources.  MCLs 
consider health factors as well as 
economic and technical feasibility of 
removing a contaminant. 
 

 
MCLs were considered in development of 
PRGs, based on an implausible use of the 
groundwater for a drinking water supply. 

 
EPA Human Health 
Assessment Cancer 
Slope Factors (CSFs). 
 

 
 

 
To Be 
Considered 

 
These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. 
 

 
Used to compute the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media. 

 
EPA Risk Reference 
Doses (RfDs) 

  
To Be 
Considered 

 
Toxicity values for evaluating non-
carcinogenic hazards from exposures 
to contamination. 
 

 
Used to characterize human health risks due to 
non-carcinogens in site media. 
 

 
STATE OF RHODE ISLAND REQUIREMENTS 
 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
State of Rhode Island 
Rules and Regulations 
for the Investigation 
and Remediation of 
Hazardous Material 
Releases (Short Title: 
Remediation 
Regulations) 
 

 
CRIR 12-180-
001, Section 8; 
DEM-DSR-01-
93, as amended 
August 1996 

 
Relevant 
and 
Appropriate 

 
These regulations set remediation 
standards for contaminated media at 
non-NPL sites in Rhode Island.  
These standards may also be 
determined to be relevant and 
appropriate for NPL sites when they 
are more stringent than federal 
standards. 

 
These standards are relevant and appropriate 
and were used to develop groundwater PRGs. 

 



 
 

TABLE 5-10 
ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 

GROUNDWATER ALTERNATIVE 3: EXTRACTION AND TREATMENT 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
FEDERAL REQUIREMENTS 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain 
ARAR  

Coastal Zone 
Management  Act 

 
16 USC Parts 
1451 et. seq. 

 
Applicable 

 
Requires that any actions must be 
conducted in a manner consistent with 
state-approved management 
programs.    

 
The site is located next to a coastal 
zone management area; therefore, 
applicable coastal zone 
management requirements need to 
be addressed. 

 
STATE OF RHODE ISLAND REQUIREMENTS 

  
Requirement 

 
Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain 

ARAR 
 
Coastal Resources 
Management 

 
RIGL 46-23-1 
et seq.   

 
Applicable 

 
Sets standards for management and 
protection of coastal resources. 

 
The entire site is located in a 
coastal resource management 
area, therefore, applicable 
coastal resource management 
requirements need to be 
addressed. 

 



TABLE 5-11 
ASSESSMENT OF ACTION-SPECIFIC ARARs AND TBCs 

GROUNDWATER ALTERNATIVE 3: EXTRACTION AND TREATMENT 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
FEDERAL REQUIREMENTS 
 

 
Requirement 

 
Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
Clean Water Act (CWA), 
Section 402, National 
Pollutant Discharge 
Elimination System 
(NPDES) 
 

 
33 USC 1342; 
40 CFR Parts 
122-125, 131 

 
Applicable 

 
These standards govern discharge of 
water into surface waters.  Regulated 
discharges must meet ambient water 
quality criteria. 

 
Any extracted groundwater will be 
treated as required to meet this 
ARAR before being discharged. 

 
STATE OF RHODE ISLAND REQUIREMENTS 
 

 
Requirement 

 
Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
Water Pollution Control - 
Water Quality 

 
RIGL 42-16 et 
seq.; CRIR 
12-190-001  

 
Applicable 

 
Establishes water use classification 
and water quality criteria for waters of 
the state. Also establishes criteria for 
discharge to a water body. 

 
Any extracted groundwater will be 
treated as required to meet this 
ARAR before being discharged. 

 
Water Pollution Control - 
Pollution Discharge 
Elimination Systems 

 
RIGL 42-16 et 
seq.; CRIR 
12-190-003 

 
Applicable 

 
Contains applicable effluent 
monitoring requirements, and 
standards and special conditions for 
discharges. 

 
The substantive provisions of these 
standards will be satisfied through 
on-site treatment of all effluent prior 
to being discharged. 

 



TABLE 5-12 
SUMMARY OF COMPARATIVE ANALYSIS OF GROUNDWATER ALTERNATIVES 

FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
 
 

Criteria Alternative 1 
No Action 

Alternative 2 
Limited Action 

Alternative 3 
Extraction and 

Treatment 
THRESHOLD CRITERIA 

Overall Protection of Human Health and the Environment 
Human Health Protection No reduction in 

risk 
Prevents exposure through 
groundwater use controls. 

Exposure reduced by 
extraction and treatment. 

Environmental Protection Allows continued 
potential migration 
of contaminated 

groundwater. 

Allows continued potential 
migration of contaminated 
groundwater.  Monitoring 
will indicate any changes 

over time. 

Will prevent migration of 
contaminated groundwater 

through extraction and 
treatment. 

Compliance with Applicable or Relevant and Appropriate Requirements 
Compliance with Chemical-Specific ARARs No Prevents exposure to water 

exceeding PRGs through 
use restrictions.  Will meet 

PRGs over time with 
natural flushing. 

Will meet PRGs over time 
with extraction and 

treatment. 

Compliance with Location-Specific ARARs Not applicable Will be performed in 
accordance with floodplain, 

wildlife, and historic 
preservation regulations. 

Will be performed in 
accordance with 

floodplain, wildlife, and 
historic preservation 

regulations. 
Compliance with Action-Specific ARARs Not applicable MCLs and will be used to 

compare against  for 
groundwater monitoring. 

Extraction, treatment, and 
discharge will be 

performed in accordance 
with water quality 

regulations and NPDES. 



 
 
TABLE 5-12 (cont’d) 
SUMMARY OF COMPARATIVE ANALYSIS OF GROUNDWATER ALTERNATIVES 
FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
PAGE 2 OF 4 

 
 

Criteria Alternative 1 
No Action 

Alternative 2 
Limited Action 

Alternative 3 
Extraction and 

Treatment 
BALANCING CRITERIA 

Long-Term Effectiveness and Permanence 
Magnitude of Residual Risk Residual risk 

remains 
Residual risk remains but 

exposure pathway is 
eliminated through use 

restrictions 

Treatment eliminates 
residual risk 

Need for 5-Year Review Required Required Required 
Need for Long-Term Management Not applicable Yes, use restrictions and 

groundwater monitoring 
Yes, groundwater 

monitoring 
Adequacy and Reliability of Controls Not applicable Controls are adequate and 

reliable. 
Controls are adequate and 

reliable. 
Reduction of Toxicity, Mobility, or Volume through Treatment 
Amount Destroyed or Treated None; only natural 

attenuation 
None; only natural 

attenuation 
Treatment efficiency of ion 

exchange and GAC is 
high. 

Reduction in Toxicity, Mobility, and Volume None; only natural 
attenuation 

None; only natural 
attenuation 

Toxicity, Mobility, and 
Volume reduced. 

Degree to which Treatment Is Irreversible No active 
treatment 

No active treatment Ion exchange and GAC 
permanently remove 

contaminants from the 
extracted groundwater. 

Type and Quantity of Residuals Remaining after 
Treatment 

No active 
treatment 

No active treatment Spent ion exchange resins 
and GAC. 



 
 
TABLE 5-12 (cont’d) 
SUMMARY OF COMPARATIVE ANALYSIS OF GROUNDWATER ALTERNATIVES 
FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
PAGE 3 OF 4 

 
 

Criteria Alternative 1 
No Action 

Alternative 2 
Limited Action 

Alternative 3 
Extraction and 

Treatment 
BALANCING CRITERIA 

Short-Term Effectiveness 
Community Protection during Implementation No active 

treatment; no risk 
to community 

No active treatment; no 
risk to community 

Minimal dust disturbance 
and increased truck traffic 
in the community during 

construction activities can 
be controlled. 

Worker Protection during Implementation No active 
treatment; no risk 

to workers 

PPE required during 
monitoring events. 

PPE required during 
installation, maintenance, 

and monitoring events. 
Environmental Impacts No impact from 

alternative 
implementation 

No impact from alternative 
implementation 

Impacts from construction 
can be controlled. 

Time until Remedial Action Objectives Achieved > 30 years >30 years >30 years 
Implementability 
Ability to Construct and Operate the Technology No construction 

activities 
No construction activities Implementable.  

Contractors and equipment 
available. 

Reliability of the Technology No treatment No treatment Good reliability.  Properly 
maintained system 

equipment will have few 
failures. 

Ease of Undertaking Additional Remedial 
Actions, if Necessary 

Easily 
implementable 

Additional remedial actions 
can be easily 
implemented. 

Additional remedial actions 
can be easily 
implemented. 

Ability to Monitor Effectiveness of Remedy Not applicable Monitoring of use 
restrictions and 

groundwater will indicate 
effectiveness. 

Treatment system 
effectiveness will be 

indicated by sampling. 



 
 
TABLE 5-12 (cont’d) 
SUMMARY OF COMPARATIVE ANALYSIS OF GROUNDWATER ALTERNATIVES 
FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
PAGE 4 OF 4 

 
 

Criteria Alternative 1 
No Action 

Alternative 2 
Limited Action 

Alternative 3 
Extraction and 

Treatment 
BALANCING CRITERIA 

Administrative Requirements with Regulators None required Reporting of use 
restrictions and 

groundwater monitoring is 
required. 

Federal, state, and/or base 
permits may be required 

for transportation and 
NPDES disposal.  

Reporting of groundwater 
monitoring is required. 

Availability of Off-Site TSDF None required None required Available 
Availability of Necessary Equipment and 
Specialists 

None required Available Available 

Availability of Prospective Technologies None required Available Available 
Costa,b 
Capital Costs $0 $53,000 $586,000 
Total Annual Operations and Maintenance 
(O&M) 

$0 $44,000 (years 1-5) 
$11,000 (others) 

$158,000 (years 1-5) 
$59,000 (others) 

5-Year Reviews $22,000 $22,000 $22,000 
Total Present Worth Project Costs $70,000 $543,000 $2,128,000  

aDetailed cost estimates are presented in Appendix F. 
bThese costs have been rounded off to the nearest $1,000. 

 



 
TABLE 6-1 

SUMMARY OF SEDIMENT ALTERNATIVES  
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 

Alternative Alternative Description  
Alternative 1:  No Action • Five-year reviews 
Alternative 2:  Limited 
Action 

• Access restrictions  
• Long-term O&M of access restrictions 
• Long-term monitoring to determine if COC concentrations are reduced by 

source removal 
• Five-year reviews 

Alternative 3:  Limited 
Removal (Beach Area) 

• Pre-design investigation 
• Engineering controls to minimize erosion and sediment migration during 

construction 
• Removal of 5,716 cy of contaminated sediment from the beach 
• Confirmation sampling of excavated areas to ensure complete removal  
• Sediment dewatering 
• Treatment of dewatering fluids and discharge to bay 
• Disposal of sediment at TSDF 
• Backfill with natural fill 
• Long-term monitoring a)of offshore areas remaining that exceed ecological 

standards and b) of excavated areas to measure possible recontamination 
• Five-year reviews 

Alternative 4:  Removal and 
Disposal Option A 

• Pre-design investigation  
• Engineering controls to minimize erosion and sediment migration during 

construction 
• Removal of 5,716 cy of contaminated sediment from the beach 
• Removal of 214 cy of contaminated sediment from the offshore areas 

exceeding ecological standards except for areas containing eelgrass 
• Use of portadams and a temporary excavator causeway to facilitate removal 
• Confirmation sampling of excavated areas to ensure complete removal of 

contaminated sediment 
• Sediment dewatering 
• Treatment of dewatering fluids and discharge to bay 
• Disposal of sediment at TSDF 
• Backfill with natural fill 
•  Long-term monitoring a)of offshore areas remaining that exceed ecological 

standards and b) of excavated areas to measure possible recontamination 
• Five-year reviews 

Alternative 5:  Removal and 
Disposal Option B 
 
 

• Pre-design investigation  
• Engineering controls to minimize erosion and sediment migration during 

construction 
• Removal of 5,716 cy of contaminated sediment from the beach 
• Removal of 290 cy of contaminated sediment from the offshore areas 

exceeding ecological standards including areas containing eelgrass 
• Use of portadams and a temporary excavator causeway to facilitate removal 
• Confirmation sampling of excavated areas to ensure complete removal of 

contaminated sediment 
• Sediment dewatering 
• Treatment of dewatering fluids and discharge to bay 
• Disposal of sediment at TSDF 
• Backfill with natural fill 
• Natural restoration of eelgrass beds (0.05 acre) 
• Long-term monitoring of excavated areas to measure possible 

recontamination 
 



TABLE 6-2 
SUMMARY OF DETAILED ANALYSES OF ALTERNATIVES FOR SEDIMENT REMEDIATION 

FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
 

Criteria Alternative 1 
No Action 

Alternative 2 
Limited Action 

 

Alternative 3 
Limited Removal, 

Disposal 

Alternative 4 
Removal, Disposal 

Option A 

Alternative 5 
Removal, Disposal 

Option B 
THRESHOLD CRITERIA 

Overall Protection of Human Health and the Environment 
Does Alternative Protect Current and 
Future Users? 

No Yes Yes Yes Yes 

Are Environmental Risks Reduced by 
Alternative? 

No If source removal 
results in a decrease of 

sediment COC 
concentrations  

If source removal 
results in a decrease of 

sediment COC 
concentrations 

If source removal 
results in a decrease of 

sediment COC 
concentrations 

Yes 

Compliance with Applicable or Relevant and Appropriate Requirements (ARARs) 
Compliance with Chemical-Specific 
ARARs 

No No Yes, over time Yes, over time Yes 

Compliance with Location-Specific 
ARARs 

Not applicable No Yes Yes Yes 

Compliance with Action-Specific ARARs Not applicable Yes Yes Yes Yes 
Compliance with Other Criteria No No Yes Yes Yes 

BALANCING CRITERIA 
Long-Term Effectiveness and Permanence 
Does Alternative Reduce Residual Risk? No Yes, except for the  

subtidal sediment and 
eelgrass beds 

Yes, except for the 
subtidal sediment and 

eelgrass beds 

Yes, except for the 
eelgrass beds 

Yes 

Does Alternative Provide Adequate 
Remedial Controls? 

No To some extent No controls in place No controls in place No controls in place 

Need 5-Year Reviews? Yes Yes Yes Yes No 
Need for Long-Term Management? Yes No Yes Yes No 
Reduction of Toxicity, Mobility, or Volume through Treatment 
Treatment Process Used None None Sediment may be 

stabilized prior to 
disposal and may be 
treated at TSDF to 

meet LDRs 

Sediment may be 
stabilized prior to 

disposal and may be 
treated at TSDF to 

meet LDRs 

Sediment may be 
stabilized prior to 

disposal and may be 
treated at TSDF to 

meet LDRs 
Sediment Treated No No Only if required Only if required Only if required 
Reduction in Toxicity, Mobility, or 
Volume 

None None Toxicity (if treated) and 
Mobility reduced 

Toxicity (if treated) and 
Mobility reduced 

Toxicity (if treated) and 
Mobility reduced 

Type and Quantity of Residuals 
Remaining after Treatment 

No treatment so no 
residuals 

No treatment so no 
residuals 

Residual water from 
dewatering-small 

quantity 
Lime based residuals if 
treated – small quantity 

Residual water from 
dewatering-small 

quantity 
Lime based residuals if 
treated – small quantity 

Residual water from 
dewatering-small 

quantity 
Lime based residuals if 
treated – small quantity 



 
TABLE 6-2 (cont’d) 
SUMMARY OF DETAILED ANALYSES OF ALTERNATIVES FOR SEDIMENT REMEDIATION 
FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
PAGE 2 OF 3 

 
Criteria Alternative 1 

No Action 
Alternative 2 

Limited Action 
 

Alternative 3 
Limited Removal, 

Disposal 

Alternative 4 
Removal, Disposal 

Option A 

Alternative 5 
Removal, Disposal 

Option B 
Short-Term Effectiveness 
Risks to the Community during 
Remedial Action 

No treatment so no 
construction risks 

No risks No risks No risks No risks 

Risk to Workers during Remedial 
Action 

No treatment so no 
construction risks 

Some risks; easily 
controlled 

Exposure risks during 
excavation require PPE 

Exposure risks during 
excavation require PPE 

Exposure risks during 
excavation require PPE 

Environmental Impacts No treatment so no 
additional impacts 

Minimal. Sediment 
resuspension  

Excavation disturbs 
sediment and requires 

control measures 
Intertidal and subtidal 

habitat interrupted 

Excavation disturbs 
sediment and requires 

control measures.  
Intertidal and subtidal 

habitat interrupted 

Excavation disturbs 
sediment and requires 

control measures. 
Intertidal and subtidal 

habitat interrupted 
Eelgrass beds will be 

destroyed. 
Time until Remedial Action Objectives 
Achieved 

No remedial action; 
time >30 years. 

Estimated 1 to 2 
months 

Estimated 3 to 4 
months 

Estimated 6 to 8 
months 

Estimated 6 to 8 
months 

Implementability 
Constructable No construction 

activities 
Yes Yes Yes Yes 

Reliability of Technology No technology 
implemented 

No technology 
implemented 

Excavation is reliable Excavation is reliable Excavation is reliable 

Ease of Undertaking Additional 
Remedial Action, if Necessary 

Easily implementable High High Moderate Moderate 

Ability to Monitor Effectiveness of 
Remedy 

Not applicable Moderate High High High 

Ability to Coordinate with Other 
Agencies 

Easy Moderately easy Moderately easy Moderately easy Moderately easy 

Availability of Off-Site Disposal 
Services 

None required None required Available Available Available 

Availability of Equipment and 
Specialists 

None required Available Available Available Available 

Availability of Prospective Technologies None required None required Available Available Available 



 
TABLE 6-2 (cont’d) 
SUMMARY OF DETAILED ANALYSES OF ALTERNATIVES FOR SEDIMENT REMEDIATION 
FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
PAGE 3 OF 3 

 
Criteria Alternative 1 

No Action 
Alternative 2 

Limited Action 
 

Alternative 3 
Limited Removal, 

Disposal 

Alternative 4 
Removal, Disposal 

Option A 

Alternative 5 
Removal, Disposal 

Option B 
Costa,b 
Capital Costs $0 $10,000 $3,032,000 $3,496,000 $3,775,000 
Total Annual Operations and 
Maintenance (O&M) 

$0 $70,000 $73,000 $52,000 $44,000 

5-Year Reviews $22,000 $22,000 $22,000 $22,000 $22,000 
Total Present Worth Project Costs $70,000 $653,000 $3,605,000 $3,922,000 $4,095,000 

 
aDetailed cost estimates are presented in Appendix F.    
bThese costs have been rounded off to the nearest $1,000. 



TABLE 6-3 
ASSESSMENT OF CHEMICAL-SPECIFIC ARARs AND TBCs 

SEDIMENT ALTERNATIVE 1: NO ACTION 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
 

FEDERAL REQUIREMENTS 
 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
EPA Human Health 
Assessment Cancer 
Slope Factors (CSFs). 
 

 
 

 
To Be 
Considered 

 
These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. 
 

 
Used to compute the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media. 

 
EPA Risk Reference 
Doses (RfDs) 

 
 

 
To Be 
Considered 

 
Toxicity values for evaluating non-
carcinogenic hazards from exposures 
to contamination. 
 

 
Used to characterize human health risks due to 
non-carcinogens in site media. 
 

 
Clean Water Act, 
Section 304 
 
 

 
40 USC 1314; 
40 CFR 122.44 

 
Relevant 
and 
Appropriate 

 
Establish Ambient Water Quality 
Criteria (AWQC):  Guidelines 
established for the protection of 
human health and/or the aquatic 
organisms. 

 
These standards are relevant and appropriate 
for sediment PRGs derived using these water 
quality criteria. This alternative fails to meet this 
standard because sediments exceeding PRGs 
are not adequately addressed. 
 

 
STATE OF RHODE ISLAND REQUIREMENTS 
 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
Water Pollution Control 
 
 
 

 
RIGL 46-12 et 
seq.; ENVM 
112-88.97-1 

 
Relevant 
and 
Appropriate 

 
Establishes water use classification 
and water quality criteria for waters of 
the state.  Also establishes acute and 
chronic water quality criteria for the 
protection of aquatic life. 

 
These standards are relevant and appropriate 
for sediment PRGs derived using these water 
quality criteria. This alternative fails to meet this 
standard because sediments exceeding PRGs 
are not adequately addressed. 

 



TABLE 6-4 
ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 

SEDIMENT ALTERNATIVE 1: NO ACTION 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
  

FEDERAL REQUIREMENTS  
  

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain 
ARAR 

 
 

There are no federal location-specific ARARS. 
 
 

 
 
 

STATE OF RHODE ISLAND REQUIREMENTS 
 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain 
ARAR 

 
 

There are no state location-specific ARARs 
 
 

 
 
 
 
 
 



TABLE 6-5 
ASSESSMENT OF ACTION-SPECIFIC ARARs AND TBCs 

SEDIMENT ALTERNATIVE 1: NO ACTION 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
  

FEDERAL REQUIREMENTS 
 
 

Requirement 
 

Citation 
 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
 
 

 
 

 
 
 
There are no federal action-specific ARARs. 
 

 
 
 

 
STATE OF RHODE ISLAND REQUIREMENTS 
 
 

Requirement 
 

Citation 
 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
 
 

 
 

 
 
 
There are no state action-specific ARARs. 
 

 
 
 

 



TABLE 6-6 
ASSESSMENT OF CHEMICAL-SPECIFIC ARARs AND TBCs 

SEDIMENT ALTERNATIVE 2: LIMITED ACTION 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
  
FEDERAL REQUIREMENTS 
  

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
EPA Human Health 
Assessment Cancer 
Slope Factors (CSFs). 
 

 
 

 
To Be 
Considered 

 
These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. 
 

 
Used to compute the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media. 

 
EPA Risk Reference 
Doses (RfDs) 

 
 

 
To Be 
Considered 

 
Toxicity values for evaluating non-
carcinogenic hazards from exposures 
to contamination. 
 

 
Used to characterize human health risks due to 
non-carcinogens in site media. 
 

 
Clean Water Act, 
Section 304 
 
 

 
40 USC 1314; 
40 CFR 122.44 

Relevant 
and 
Appropriate 

 
Establish Ambient Water Quality 
Criteria (AWQC):  Guidelines 
established for the protection of 
human health and/or the aquatic 
organisms. 

 
These standards are relevant and appropriate 
for sediment PRGs derived using these water 
quality criteria. This alternative fails to meet this 
standard because sediments exceeding PRGs 
are not adequately addressed. 
 

 
STATE OF RHODE ISLAND REQUIREMENTS 
 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
Water Pollution Control 
 
 
 

 
RIGL 46-12 et 
seq.; ENVM 
112-88.97-1 

Relevant 
and 
Appropriate 

 
Establishes water use classification 
and water quality criteria for waters of 
the state.  Also establishes acute and 
chronic water quality criteria for the 
protection of aquatic life. 

 
These standards are relevant and appropriate 
for sediment PRGs derived using these water 
quality criteria. This alternative fails to meet this 
standard because sediments exceeding PRGs 
are not adequately addressed. 
 

 



 
 

TABLE 6-7 
ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 

SEDIMENT ALTERNATIVE 2: LIMITED ACTION 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
FEDERAL REQUIREMENTS 
  

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain 
ARAR 

 
Executive Order 11990 
RE:  Protection of 
Wetlands 

 
40 CFR Part 6, 
Appendix A 

 
Applicable 
 

 
This Order requires Federal agencies 
to take action to avoid adversely  
impacting wetlands wherever 
possible, to minimize wetlands 
destruction and to preserve the values 
of wetlands, and to prescribe 
procedures to implement the policies 
and procedures of this Executive 
Order. 

 
Fails to comply with this standard 
because the action to be taken 
does not address the risk to the 
wetland environment posed by the 
contamination. 
Installation of fencing and buoys 
would be conducted to minimize 
damage of the wetlands. 

 
Executive Order 11988 
RE:  Floodplain 
Management 
 
 
 
 
 

 
40 CFR Part 6, 
Appendix A 

 
Applicable 
 

 
The Order requires Federal agencies 
to evaluate the potential effects of 
actions it  may take within a 
designated 100-year floodplain of a 
waterway to avoid adversely 
impacting floodplains wherever 
possible. 

Fails to comply with this standard 
because the action to be taken 
does not address the risk to the 
floodplain environment posed by 
the contamination. 
 

 
Fish and Wildlife 
Coordination Act 

 
16 USC Part 
661 et. seq.; 40 
CFR 122.49 

 
Applicable 
 

 
This statute requires consultation with 
appropriate agencies to  protect fish 
and wildlife when federal actions 
result in control or structural 
modification of a  body of water or to 
critical habitat upon which 
endangered or threatened species 
depends. 

 
Appropriate agencies will be 
consulted to find ways to minimize 
adverse effects to fish and wildlife 
from installation of fencing and 
buoys. 
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FEDERAL REQUIREMENTS (Cont’d) 
  

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain 
ARAR 

 
Endangered Species Act 

 
16 USC 1531 et 
seq., 50 CFR 
Part 200, 50 
CFR Part 402 

 
Applicable 

 
If a location contains a federal 
endangered or threatened species or 
its critical habitat, and an action may 
impact the species or its habitat, the 
U.S. Fish & Wildlife Service or the 
National Marine Fisheries Service 
must be consulted. 

 
The federally endangered 
loggerhead turtle (Caretta caretta) 
and federally threatened Kemp’s 
ridley turtle (Lepidochelys kempii) 
occur in the waters of Narragansett 
Bay. Appropriate agencies will be 
consulted to find ways to minimize 
adverse effects to the listed 
species and its habitat from 
installation of fencing and buoys.  

Coastal Zone 
Management  Act 

 
16 USC Parts 
1451 et. seq. 

 
Applicable 

 
Requires that any actions must be 
conducted in a manner consistent with 
state approved management 
programs.    

 
The entire site is located in a 
coastal zone management area, 
therefore, applicable coastal zone 
management requirements need to 
be addressed. 

 
National Historic 
Preservation Act 

 
16 USC 470 et 
seq., 26 CFR 
Part 800  

 
Applicable 

 
Requires action to take into account 
effects on properties included on or 
eligible for the National Register of 
Historic Places and minimizes harm 
to National Historic Landmarks 

 
Historic vessels may be sunken in 
the area. Monitoring and 
installation of fencing and buoys 
will be carried out to minimize 
potential harm to historic sites. 
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STATE OF RHODE ISLAND REQUIREMENTS 
 

 
Requirement 

 
Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain 

ARAR 
 
Coastal Resources 
Management 

 
RIGL 46-23-1 et 
seq.   

 
Applicable 

 
Sets standards for management and 
protection of coastal resources. 

 
The entire Site is located in a 
coastal resource management 
area, therefore, applicable coastal 
resource  management 
requirements need to be 
addressed. 

 
Endangered Species Act
   
   

 
RIGL 20-37-1 et 
seq. 

 
Applicable 

 
Regulates activities affecting state-
listed endangered or threatened 
species or their critical habitat. 

 
The state listed loggerhead turtle 
(Caretta caretta) and Kemp’s ridley 
turtle (Lepidochelys kempii) occur 
in the waters of Narragansett Bay.  
Appropriate agencies will be 
consulted to find ways to minimize 
adverse effects to the listed 
species and its habitat from 
installation of fencing and buoys. 

 



 
 

TABLE 6-8 
ASSESSMENT OF ACTION-SPECIFIC ARARs AND TBCs 

SEDIMENT ALTERNATIVE 2: LIMITED ACTION 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
 

FEDERAL REQUIREMENTS 
 

 
Requirement 

 
Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain 

ARAR 
 
None 
 

 
 
STATE OF RHODE ISLAND REQUIREMENTS  
  

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain 
ARAR 

 
Water Pollution Control - 
Water Quality 

 
RIGL 42-16 et 
seq.; CRIR 
12-190-001  

 
Applicable 

 
Establishes water use classification 
and water quality criteria for waters of 
the state. 

 
Monitoring and installation of access 
restrictions will not cause 
degradation of surface water quality 
in Narragansett Bay. 

 



 
TABLE 6-9 

ASSESSMENT OF CHEMICAL-SPECIFIC ARARs AND TBCs 
SEDIMENT ALTERNATIVE 3: LIMITED REMOVAL AND DISPOSAL (BEACH AREA) 

FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
  

FEDERAL REQUIREMENTS  
  

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
EPA Human Health 
Assessment Cancer 
Slope Factors (CSFs). 
 

 
 

 
To Be 
Considered 

 
These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. 
 

 
Used to compute the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media. 

 
EPA Risk Reference 
Doses (RfDs) 

 
 

 
To Be 
Considered 

 
Toxicity values for evaluating non-
carcinogenic hazards from exposures 
to contamination. 
 

 
Used to characterize human health risks due to 
non-carcinogens in site media. 
 

 
Clean Water Act, 
Section 304 
 
 

 
40 USC 1314; 
40 CFR 122.44 

Relevant 
and 
Appropriate 

Establish Ambient Water Quality 
Criteria (AWQC): Guidelines for the 
protection of human health and/or the 
aquatic organisms. 

These standards are relevant and appropriate 
for sediment PRGs derived using these water 
quality criteria.  This alternative fails to meet the 
standard, unless the COCs in sediment left in 
place will reach the PRGs within an acceptable 
time frame. 

 
STATE OF RHODE ISLAND REQUIREMENTS 
 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
Water Pollution Control 
 
 
 

 
RIGL 46-12 et 
seq.; ENVM 
112-88.97-1 

Relevant 
and 
Appropriate 

 
Establishes water use classification 
and water quality criteria for waters of 
the state.  Also establishes acute and 
chronic water quality criteria for the 
protection of aquatic life. 

These standards are relevant and appropriate 
for sediment PRGs derived using these water 
quality criteria. Sediments exceeding PRGs 
must be adequately addressed to meet these 
standards. 

 



 
 

TABLE 6-10 
ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 

SEDIMENT ALTERNATIVE 3: LIMITED REMOVAL AND DISPOSAL (BEACH AREA) 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
FEDERAL REQUIREMENTS 
  

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 
Action to Be Taken to Attain ARAR 

 
Executive Order 11990 
RE:  Protection of 
Wetlands 

40 CFR Part 6, 
Appendix A 

 
Applicable 
 

 
This Order requires Federal agencies 
to take action to avoid adversely  
impacting wetlands wherever 
possible, to minimize wetlands 
destruction and to preserve the values 
of wetlands, and to prescribe 
procedures to implement the policies 
and procedures of this Executive 
Order. 

Restoration and preservation of the 
wetlands altered by the removal 
action will be conducted so that the 
wetlands’ natural and beneficial 
values can be realized. 
Implementation of the Order will be 
considered and incorporated into any 
plan or action, wherever feasible. 

 
Clean Water Act,  Section 
404 

 
33 USC 1344;  
40 CFR Part 
230 and 33 CFR 
Parts 320-323 

 
Applicable 
 

 
This statute regulates the discharge of 
dredge and fill materials into Waters 
of the United States, including special 
aquatic sites - such as wetlands, 
intertidal habitats, and vegetated 
shallows.  Such discharges are not 
allowed if practicable alternatives are 
available. 

 
Refilling of the excavated/dredged 
intertidal habitats will only satisfy this 
requirement if no practicable 
alternative that has less effect is 
available.  Impacts to aquatic habitats 
would be mitigated as part of this 
alternative.  

 
Rivers and Harbors Act, 
Section 10 
 

 
33 USC 403; 33 
CFR Parts 320-
323 

Applicable 
 
Sets forth criteria for obstructions or 
alterations of navigable waters. 

 
Excavation, dredging, and habitat 
restoration will comply with the Act’s 
environmental standards. 
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FEDERAL REQUIREMENTS (Cont’d) 
 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 
Action to Be Taken to Attain ARAR 

 
Executive Order 11988 
RE:  Floodplain 
Management 
 
 
 
 
 

 
40 CFR Part 6, 
Appendix A 

 
Applicable 
 

 
The Order requires Federal agencies 
to evaluate the potential effects of 
actions it  may take within a 
designated 100-year floodplain of a 
waterway to avoid adversely 
impacting floodplains wherever 
possible. 

 
The potential for restoring and 
preserving floodplains so that their 
natural and beneficial values can be 
realized will be considered and 
incorporated into any plan or action 
wherever feasible.  

 
Fish and Wildlife 
Coordination Act 

 
16 USC Part 
661 et. seq.; 40 
CFR 122.49 

 
Applicable 
 

 
This statute requires consultation with 
appropriate agencies to  protect fish 
and wildlife when federal actions 
result in control or structural 
modification of a  body of water or to 
critical habitat upon which 
endangered or threatened species 
depends. 

 
The appropriate agencies will be 
consulted to find ways to minimize 
adverse effects to fish and wildlife 
from the implementation of the 
proposed removal, containment, and 
restoration remedy. 

 
Endangered Species Act 

 
16 USC 1531 et 
seq., 50 CFR 
Part 200, 50 
CFR Part 402 

 
Applicable 

 
If a location contains a federal 
endangered or threatened species or 
its critical habitat, and an action may 
impact the species or its habitat, the 
U.S. Fish & Wildlife Service or the 
National Marine Fisheries Service 
must be consulted. 

 
The federally endangered loggerhead 
turtle (Caretta caretta) and federally 
threatened Kemp’s ridley turtle 
(Lepidochelys kempii) occur in the 
waters of Narragansett Bay.  
Appropriate agencies will be 
consulted to find ways to minimize 
adverse effects to the listed species 
from the removal, containment, and 
restoration remedy. 
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FEDERAL REQUIREMENTS (Cont’d) 
 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR  
Coastal Zone 
Management  Act 

 
16 USC Parts 
1451 et. seq. 

 
Applicable 

 
Requires that any actions must be 
conducted in a manner consistent with 
state approved management 
programs.    

 
The entire site is located in a coastal 
zone management area; therefore, 
applicable coastal zone management 
requirements need to be addressed. 

 
National Historic 
Preservation Act 

 
16 USC 470 et 
seq., 26 CFR 
Part 800  

 
Applicable 

 
Requires action to take into account 
effects on properties included on or 
eligible for the National Register of 
Historic Places and minimizes harm 
to National Historic Landmarks 

 
Historic vessels may be sunken in the 
area.  Excavation/dredging, containment, 
and restoration activities will be carried 
out to minimize potential harm to historic 
sites. 

 
STATE OF RHODE ISLAND REQUIREMENTS 

  
Requirement 

 
Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
Coastal Resources 
Management 
 
 
 

 
RIGL 46-23-1 
et seq.   

 
Applicable 

 
Sets standards for management and 
protection of coastal resources. 

 
The entire site is located in a coastal 
resource management area; therefore, 
applicable coastal resource management 
requirements need to be addressed. 

 
Endangered Species Act  

 
RIGL 20-37-1 
et seq. 

 
Applicable 

 
Regulates activities affecting state-
listed endangered or threatened 
species or their critical habitat. 

 
The state listed loggerhead turtle 
(Caretta caretta) and Kemp’s ridley turtle 
(Lepidochelys kempii) occur in the 
waters of Narragansett Bay. Appropriate 
state agencies will be consulted to find 
ways to minimize adverse effects to the 
listed species from the implementation 
of the removal and restoration remedy. 

 



 
TABLE 6-11 

ASSESSMENT OF ACTION-SPECIFIC ARARs AND TBCs 
SEDIMENT ALTERNATIVE 3: LIMITED REMOVAL AND DISPOSAL (BEACH AREA) 

FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
 

FEDERAL REQUIREMENTS 
 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 
Action to Be Taken to Attain ARAR 

 
Clean Water Act (CWA), 
Section 402, National 
Pollutant Discharge 
Elimination System 
(NPDES) 

 
33 USC 1342;  
40 CFR 122-
125, 131 

 
Applicable 
 

 
These standards govern discharge of 
water into surface waters.  Regulated 
discharges must meet ambient water 
quality criteria (AWQC). 

 
Any drainage from the temporary 
debris/sediment storage area and any 
dewatering discharge will be treated 
by as necessary to meet this 
requirement and discharged into 
Narragansett Bay.  

Clean Air Act (CAA), 
National Emission 
Standards for Hazardous 
Air Pollutants (NESHAPS) 
 

 
42 USC 7411, 
7412; 40 CFR 
Part 61 

 
Applicable 

 
NESHAPS are a set of emission 
standards for specific chemicals, 
including naphthalene, arsenic, 
cadmium, chromium, lead, mercury, 
nickel, PCBs, DDE, and 
hexachlorobenzene.  Certain activities 
are regulated including site 
remediation. 

 
Monitoring of air emissions from the 
dewatering facility will be used to 
assess compliance with these 
standards if threshold levels are 
reached.  Operation and 
maintenance activities will be carried 
out in a manner which will minimize 
potential air releases.  

Resource Conservation 
and Recovery Act 
(RCRA), Subtitle C - 
Standards for Hazardous 
Waste Facilities 
 

 
42 USC 6291 
et seq. 

 
Applicable 

 
Rhode Island is delegated to administer 
the federal RCRA statute through its 
state regulations.  The standards of 40 
CFR Part 264 are incorporated by 
reference. 

 
Areas of debris and sediment will be 
tested to determine if they constitute 
hazardous waste.  Any hazardous 
waste identified will be handled and 
disposed according to these 
standards. 
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STATE OF RHODE ISLAND REQUIREMENTS 
 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 
Action to Be Taken to Attain ARAR 

 
Clean Air Act - Fugitive 
Dust Control 

 
RIGL 23-23 et 
seq.; CRIR 12-
31-05  

 
Applicable 

 
Requires that reasonable precaution 
be taken to prevent particulate matter 
from becoming airborne. 

 
Removal, processing, and temporary 
storage of debris and sediments 
during dewatering and before 
shipment would be implemented to 
prevent material from becoming 
airborne. 

 
Clean Air Act - Emissions 
Detrimental to Persons or 
Property 

 
RIGL 23-23 et 
seq.; CRIR 12-
31-07 

 
Applicable 

 
Prohibits emissions of contaminants 
which may be injurious to humans, 
plant or animal life or cause damage 
to property or which reasonably 
interferes with the enjoyment of life 
and property. 

 
Removal, processing, and temporary 
storage of debris and sediments 
during dewatering and before 
shipment would be implemented to 
prevent emissions of contaminants.  
Monitoring of air emissions from the 
dewatering facility will be used to 
assess compliance with these 
standards if threshold levels are 
reached.   

 
Clean Air Act - Air 
Pollution Control 

 
RIGL 23-23 et 
seq.; CRIR 12-
31-09 

 
Applicable 

 
Establishes guidelines for the 
construction, installation, or operation 
of potential air emission units.  
Establishes permissible emission rates 
for some contaminants. 

 
Site processing of debris and 
sediment and treatment of dewatering 
liquid will meet the substantive 
provisions of the standards if 
threshold levels are reached. 
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STATE OF RHODE ISLAND REQUIREMENTS (Cont’d) 
 

 
Requirement 

 
Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
Clean Air Act - Air Toxics 

 
RIGL 23-23 et 
seq.; CRIR 12-
31-22 

 
Applicable 

 
Prohibits the emission of specified 
contaminants at rates which would result 
in ground level concentrations greater 
than acceptable ambient levels or 
acceptable ambient levels as set in the 
regulations 

 
Monitoring of air emissions from 
the dewatering facility will be used 
to assess compliance with these 
standards if threshold levels are 
reached.  Operation and 
maintenance activities will be 
carried out in a manner which will 
minimize potential air releases. 

 
Water Pollution Control - 
Water Quality 

 
RIGL 42-16 et 
seq.; CRIR 
12-190-001  

 
Applicable 

 
Establishes water use classification and 
water quality criteria for waters of the 
state.  Also establishes criteria for 
discharge to a water body. 

 
Monitoring operations must not 
cause degradation of surface 
water quality in the bay. Any 
drainage off the temporary 
debris/sediment storage area and 
any dewatering discharge will be 
treated as necessary to meet 
these requirements and 
discharged. 

 
Water Pollution Control - 
Pollution Discharge 
Elimination Systems 

 
RIGL 42-16 et 
seq.; CRIR 
12-190-003 

 
Applicable 

 
Contains applicable effluent monitoring 
requirements, and standards and special 
conditions for discharges. 

 
The substantive provisions of 
these standards will be satisfied 
through on-site treatment of all 
discharges prior to being 
discharged. 

 
Hazardous Waste 
Management Standards 
for Treatment, Storage, 
and Disposal Facilities 

RIGL 23-19.1 
et seq.; CRIR 
12-030-003 

 
Applicable 

 
Sets standards for handling, design, 
operation, and monitoring of hazardous 
waste.  The standards of 40 CFR Part 
264 are incorporated by reference. 

 
Areas of sediments will be tested 
to determine if they constitute 
hazardous waste.  Any hazardous 
waste identified will be handled 
and disposed according to these 
standards. 



TABLE 6-12 
ASSESSMENT OF CHEMICAL-SPECIFIC ARARs AND TBCs 

SEDIMENT ALTERNATIVES 4 AND 5: REMOVAL AND DISPOSAL 
FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
  
FEDERAL REQUIREMENTS  
  

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
EPA Human Health 
Assessment Cancer 
Slope Factors (CSFs). 
 

 
 

 
To Be 
Considered 

 
These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. 
 

 
Used to compute the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media. 

 
EPA Risk Reference 
Doses (RfDs) 

 
 

 
To Be 
Considered 

 
Toxicity values for evaluating non-
carcinogenic hazards from exposures 
to contamination. 
 

 
Used to characterize human health risks due to 
non-carcinogens in site media. 
 

 
Clean Water Act, 
Section 304 
 
 

 
40 USC 1314; 
40 CFR 122.44 

Relevant 
and 
Appropriate 

 
Establish Ambient Water Quality 
Criteria (AWQC): Guidelines for the 
protection of human health and/or the 
aquatic organisms. 

These standards are relevant and appropriate 
for sediment PRGs derived using these water 
quality criteria. This alternative fails to meet the 
standard unless COC concentrations decrease 
to below PRGs within a acceptable time frame.  

 
STATE OF RHODE ISLAND REQUIREMENTS 
 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
Water Pollution Control 
 
 
 

 
RIGL 46-12 et 
seq.; ENVM 
112-88.97-1 

Relevant 
and 
Appropriate 

 
Establishes water use classification 
and water quality criteria for waters of 
the state.  Also establishes acute and 
chronic water quality criteria for the 
protection of aquatic life. 

These standards are relevant and appropriate 
for sediment PRGs derived using these water 
quality criteria. This alternative fails to meet the 
standard unless COC concentrations decrease 
to below PRGs within a acceptable time frame. 
 

 



 
TABLE 6-13 

ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 
SEDIMENT ALTERNATIVES 4 AND 5: REMOVAL AND DISPOSAL 

FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
 

FEDERAL REQUIREMENTS 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain 
ARAR 

Executive Order 11990 
RE:  Protection of 
Wetlands 

 
40 CFR Part 6, 
Appendix A 

 
Applicable 
 

 
This Order requires Federal agencies 
to take action to avoid adversely  
impacting wetlands wherever 
possible, to minimize wetlands 
destruction and to preserve the values 
of wetlands, and to prescribe 
procedures to implement the policies 
and procedures of this Executive 
Order. 

 
Restoration and preservation of the 
intertidal wetlands altered by the 
remedial action will be conducted 
so that the wetlands’ natural and 
beneficial values can be realized. 
Implementation of the Order will be 
considered and incorporated into 
any plan or action, wherever 
feasible.  

Clean Water Act,  Section 
404 

 
33 USC 1344;  
40 CFR Part 
230 and 33 CFR 
Parts 320-323 

 
Applicable 
 

 
This statute regulates the discharge of 
dredge and fill materials into Waters 
of the United States, including special 
aquatic sites - such as wetlands, 
intertidal habitats, and vegetated 
shallows.  Such discharges are not 
allowed if practicable alternatives are 
available. 

 
Refilling of the excavated/dredged 
aquatic habitats will only satisfy 
this requirement if no practicable 
alternative that has less effect is 
available.  Impacts to aquatic 
habitats would be mitigated as part 
of this alternative.  

 
Rivers and Harbors Act, 
Section 10 
 

 
33 USC 403; 33 
CFR Parts 320-
323 

Applicable 
 
Sets forth criteria for obstructions or 
alterations of navigable waters. 

 
Excavation/dredging and habitat 
restoration will comply with the 
Act’s environmental standards. 
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FEDERAL REQUIREMENTS (Cont’d) 
 
 

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain 
ARAR 

 
Executive Order 11988 
RE:  Floodplain 
Management 
 
 
 
 
 

 
40 CFR Part 6, 
Appendix A 

 
Applicable 
 

 
The Order requires Federal agencies 
to evaluate the potential effects of 
actions it  may take within a 
designated 100-year floodplain of a 
waterway to avoid adversely 
impacting floodplains wherever 
possible. 

 
The potential for restoring and 
preserving floodplains so that their 
natural and beneficial values can 
be realized will be considered and 
incorporated into any plan or action 
wherever feasible.  

 
Fish and Wildlife 
Coordination Act 

 
16 USC Part 
661 et. seq.; 40 
CFR 122.49 

 
Applicable 
 

 
This statute requires consultation with 
appropriate agencies to  protect fish 
and wildlife when federal actions 
result in control or structural 
modification of a  body of water or to 
critical habitat upon which 
endangered or threatened species 
depends. 

 
The appropriate agencies will be 
consulted to find ways to minimize 
adverse effects to fish and wildlife 
from the implementation of the 
proposed removal and restoration 
remedy. 
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FEDERAL REQUIREMENTS (Cont’d) 
  

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain 
ARAR 

 
Endangered Species Act 

 
16 USC 1531 et 
seq., 50 CFR 
Part 200, 50 
CFR Part 402 

 
Applicable 

 
If a location contains a federal 
endangered or threatened species or 
its critical habitat, and an action may 
impact the species or its habitat, the 
U.S. Fish & Wildlife Service or the 
National Marine Fisheries Service 
must be consulted. 

 
The federally endangered 
loggerhead turtle (Caretta caretta) 
and federally threatened Kemp’s 
ridley turtle (Lepidochelys kempii) 
occur in the waters of Narragansett 
Bay.  Appropriate agencies will be 
consulted to find ways to minimize 
adverse effects to the listed species 
from the removal and restoration 
remedy.  

Coastal Zone 
Management  Act 

 
16 USC Parts 
1451 et. seq. 

 
Applicable 

 
Requires that any actions must be 
conducted in a manner consistent with 
state approved management 
programs.    

 
The entire site is located in a 
coastal zone management area, 
therefore, applicable coastal zone 
management requirements need to 
be addressed. 

 
National Historic 
Preservation Act 

 
16 USC 470 et 
seq., 26 CFR 
Part 800  

 
Applicable 

 
Requires action to take into account 
effects on properties included on or 
eligible for the National Register of 
Historic Places and minimizes harm 
to National Historic Landmarks 

 
Historic vessels may be sunken in 
the area.  Excavation/dredging, and 
restoration activities will be carried 
out to minimize potential harm to 
historic sites. 

 
 



 
 
TABLE 6-13 (cont’d) 
ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 
SEDIMENT ALTERNATIVES 4 AND 5: REMOVAL AND DISPOSAL 
FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
PAGE 4 OF 4 
 
 

STATE OF RHODE ISLAND REQUIREMENTS 
  

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain 
ARAR 

 
Coastal Resources 
Management 

 
RIGL 46-23-1 
et seq.   

 
Applicable 

 
Sets standards for management and 
protection of coastal resources. 

 
The entire site is located in a 
coastal resource management 
area, therefore, applicable 
coastal resource management 
requirements need to be 
addressed. 

Endangered Species Act  
 
RIGL 20-37-1 
et seq. 

 
Applicable 

 
Regulates activities affecting state-
listed endangered or threatened 
species or their critical habitat. 

 
The state listed loggerhead turtle 
(Caretta caretta) and Kemp’s 
ridley turtle (Lepidochelys kempii) 
occur in the waters of 
Narragansett Bay. Appropriate 
state agencies will be consulted 
to find ways to minimize adverse 
effects to the listed species from 
the implementation of the 
removal and restoration remedy. 

 



 
TABLE 6-14 

ASSESSMENT OF ACTION-SPECIFIC ARARs AND TBCs 
SEDIMENT ALTERNATIVES 4 AND 5: REMOVAL AND DISPOSAL 

FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
 

FEDERAL REQUIREMENTS 
 

 
Requirement 

 
Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
Clean Water Act (CWA),  
Section 402, National 
Pollutant Discharge 
Elimination System 
(NPDES) 

 
33 USC 1342;  
40 CFR 122-
125, 131 

 
Applicable 
 

 
These standards govern discharge of 
water into surface waters.  Regulated 
discharges must meet ambient water 
quality criteria (WQC). 

 
Any drainage off the temporary 
debris/sediment storage area and any 
dewatering discharge will be treated 
by an on-site treatment plant and 
discharged into Narragansett Bay.  

Clean Air Act (CAA), 
National Emission 
Standards for Hazardous 
Air Pollutants (NESHAPS) 
 

 
42 USC 7411, 
7412; 40 CFR 
Part 61 

 
Applicable 

 
NESHAPS are a set of emission 
standards for specific chemicals, 
including naphthalene, arsenic, 
cadmium, chromium, lead, mercury, 
nickel, PCBs, DDE, and 
hexachlorobenzene.  Certain activities 
are regulated including site 
remediation. 

 
Monitoring of air emissions from the 
dewatering facility will be used to 
assess compliance with these 
standards if threshold levels are 
reached.  Operation and maintenance 
activities will be carried out in a 
manner which will minimize potential 
air releases.  

Resource Conservation 
and Recovery Act (RCRA), 
Subtitle C - Standards for 
Hazardous Waste 
Facilities 
 

 
42 USC 6291 et 
seq. 

 
Applicable 

 
Rhode Island is delegated to 
administer the federal RCRA statute 
through its state regulations.  The 
standards of 40 CFR Part 264 are 
incorporated by reference. 

 
Areas of debris and sediment will be 
tested to determine if they constitute 
hazardous waste.  Any hazardous 
waste identified will be handled and 
disposed according to these 
standards. 

STATE OF RHODE ISLAND REQUIREMENTS 
  

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 
Action to Be Taken to Attain ARAR 

 
Clean Air Act - Fugitive 
Dust Control 

 
RIGL 23-23 et 
seq.; CRIR 12-
31-05  

 
Applicable 

 
Requires that reasonable precaution 
be taken to prevent particulate matter 
from becoming airborne. 

 
Removal, processing, and temporary 
storage of debris and sediments 
during dewatering and before 
shipment would be implemented to 
prevent material from becoming 
airborne. 
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STATE OF RHODE ISLAND REQUIREMENTS (CONT’D) 
 

 
Requirement 

 
Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
Clean Air Act - Emissions 
Detrimental to Persons or 
Property 

 
RIGL 23-23 et 
seq.; CRIR 12-
31-07 

 
Applicable 

 
Prohibits emissions of contaminants 
which may be injurious to humans, 
plant or animal life or cause damage 
to property or which reasonably 
interferes with the enjoyment of life 
and property. 

 
Removal, processing, and temporary 
storage of debris and sediments 
during dewatering and before 
shipment would be implemented to 
prevent emissions of contaminants.  
Monitoring of air emissions from the 
dewatering facility will be used to 
assess compliance with these 
standards if threshold levels are 
reached.   

 
Clean Air Act - Air 
Pollution Control 

 
RIGL 23-23 et 
seq.; CRIR 12-
31-09 

 
Applicable 

 
Establishes guidelines for the 
construction, installation, or operation 
of potential air emission units.  
Establishes permissible emission 
rates for some contaminants. 

 
Site processing of debris and 
sediment and treatment of 
dewatering liquid will meet the 
substantive provisions of the 
standards if threshold levels are 
reached. 

 
Clean Air Act - Air Toxics 

 
RIGL 23-23 et 
seq.; CRIR 12-
31-22 

 
Applicable 

 
Prohibits the emission of specified 
contaminants at rates which would 
result in ground level concentrations 
greater than acceptable ambient 
levels or acceptable ambient levels 
as set in the regulations 

 
Monitoring of air emissions from the 
dewatering facility will be used to 
assess compliance with these 
standards if threshold levels are 
reached.  Operation and 
maintenance activities will be carried 
out in a manner which will minimize 
potential air releases. 
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STATE OF RHODE ISLAND REQUIREMENTS (CONT’D) 
  

Requirement 
 

Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
Water Pollution Control - 
Water Quality 

 
RIGL 42-16 et 
seq.; CRIR 
12-190-001  

 
Applicable 

 
Establishes water use classification 
and water quality criteria for waters of 
the state. Also establishes criteria for 
discharge to a water body. 

 
Any drainage from the temporary 
debris/sediment storage area and 
any dewatering discharge will be 
treated as required to meet this 
ARAR and discharged. 

 
Water Pollution Control - 
Pollution Discharge 
Elimination Systems 

 
RIGL 42-16 et 
seq.; CRIR 
12-190-003 

 
Applicable 

 
Contains applicable effluent 
monitoring requirements, and 
standards and special conditions for 
discharges. 

 
The substantive provisions of these 
standards will be satisfied through 
on-site treatment of all discharges 
prior to being discharged. 

 
Hazardous Waste 
Management Standards 
for Treatment, Storage, 
and Disposal Facilities 

RIGL 23-19.1 et 
seq.; CRIR 12-
030-003 

 
Applicable 

 
Sets standards for handling, design, 
operation, and monitoring of 
hazardous waste.  The standards of 
40 CFR Part 264 are incorporated by 
reference. 

 
Areas of debris and sediments will 
be tested to determine if they 
constitute hazardous waste.  Any 
hazardous waste identified will be 
handled and disposed according to 
these standards. 

 



 
TABLE 6-15 

SUMMARY OF COMPARATIVE ANALYSIS OF SEDIMENT ALTERNATIVES 
 FEASIBILITY STUDY 

OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 

CRITERIA ALTERNATIVE 1: 
NO ACTION 

ALTERNATIVE 2: 
LIMITED ACTION 

ALTERNATIVE 3: 
LIMITED REMOVAL AND 

DISPOSAL 
(BEACH AREA) 

ALTERNATIVE 4: 
REMOVAL AND DISPOSAL 

OPTION A 

ALTERNATIVE 5: 
REMOVAL AND DISPOSAL 

OPTION B 

Overall Protection of Human Health and the Environment: 

Human Health No reduction in risk is 
anticipated. Risks 
associated with 
shoreline access would 
remain. 

 

RAOs for protection of 
human health would not 
be achieved. 

Risk  reduction would be 
provided by deterring 
recreational use. 

RAOs for protection of 
human health would be 
addressed by the 
installation of fencing, 
signs and buoys. 

Would provide protection by 
removal of beach sediment 
exceeding PRGs.   

RAOs for protection of human 
health would be achieved. 

Would provide protection by 
removal of beach sediment 
exceeding PRGs.   

RAOs for protection of human 
health would be achieved. 

Would provide protection by 
removal and disposal of 
beach sediment.  RAOs for 
protection of human health 
would be achieved. 

 

Environment No reduction in risk is 
anticipated.  Low to high 
probability of risk to 
marine biota would 
remain.  PAHs and 
metals contaminants 
would continue to 
migrate. 
 
RAOs for protection of 
the environment would 
not be achieved. 

 
 
Risk reduction would 
occur if source removal 
results in a  decrease of 
sediment contaminant 
concentrations to below 
PRGs 

Possible short-term impacts 
from sediment resuspension 
during excavation and no long-
term impacts from filling.  
 Remaining subtidal sediments 
would show risk reduction if 
the source and beach removal 
actions result in a decrease of 
COC concentrations below 
PRGs. 
 
RAOs for protection of the 
environment would be partially 
achieved. 

Short-term impacts from 
sediment resuspension during 
excavation and no long-term 
impacts from filling.   
 
Remaining subtidal sediments 
in eelgrass area would show 
risk reduction if the source and 
beach removal actions result in 
a decrease of COC 
concentrations below PRGs. 
 
RAOs for protection of the 
environment would be partially 
achieved. 

Short-term impacts from 
sediment resuspension during 
excavation. Total removal of 
contaminated sediment would 
ensure long-term protection.  
Eelgrass beds may not be 
restored completely. 
 
RAOs for protection of the 
environment would be achieved.
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CRITERIA ALTERNATIVE 1: 
NO ACTION 

ALTERNATIVE 2: 
LIMITED ACTION 

ALTERNATIVE 3: 
LIMITED REMOVAL AND 

DISPOSAL 
(BEACH AREA) 

ALTERNATIVE 4: 
REMOVAL AND DISPOSAL 

OPTION A 

ALTERNATIVE 5: 
REMOVAL AND 

DISPOSAL OPTION B 

Compliance with ARARs/TBCs: 
Chemical-Specific Fails to meet sediment 

PRGs that were derived 
from federal and state 
water quality standards. 

May not meet sediment 
PRGs that were derived 
from federal and state 
water quality standards. 
Will leave contaminated 
sediment in place and 
would not completely 
address the standards 
unless source removal 
results in reduction in 
COC concentrations to 
below PRGs. 
 

Would meet chemical-
specific ARARs only in the 
excavated areas. Will leave 
some contaminated sediment 
in place and would not 
completely address the 
standards unless source 
removal results in reduction 
in COC concentrations to 
below PRGs. 
 
 

Would meet chemical-
specific ARARs only in the 
excavated areas. Will leave 
some contaminated sediment 
in place and would not 
completely address the 
standards unless source 
removal results in reduction 
in COC concentrations to 
below PRGs. 
 

Would meet chemical-
specific ARARs because 
sediments exceeding the 
PRGs derived from state 
and federal water quality 
criteria would be 
removed. 
 

Location-Specific No Location-Specific 
ARARs/TBCs 

Fails to meet wetland 
and floodplain 
standards since it will 
leave contaminated 
waste in place and 
would not address the 
risk to the wetland and 
floodplain environments 
posed by the 
contamination unless 
source removal results 
in reduction in COC 
concentrations to below 
PRGs. 
 

Fails to meet wetland and 
floodplain standards since it 
will leave some contaminated 
waste in place and would not 
address all risk to the wetland 
and floodplain environments 
posed by the contamination. 
 
Temporary and permanent 
habitat losses may need to be 
mitigated to meet CWA 
requirements. 
 
Would be conducted in 
accordance with all other 
identified ARARs/TBCs. 

Fails to meet wetland and 
floodplain standards since it 
will leave some contaminated 
waste in place and would not 
address all risk to the wetland 
and floodplain environments 
posed by the contamination. 
 
Temporary and permanent 
habitat losses may need to be 
mitigated to meet CWA 
requirements. 
 
Would be conducted in 
accordance with all other 
identified ARARs/TBCs. 

Temporary and permanent 
habitat losses may need to 
be mitigated to meet CWA 
requirements. 
 
Would be conducted in 
accordance with all other 
identified ARARs/TBCs. 

Action-Specific No Action-Specific 
ARARs/TBCs. 

Would be conducted in 
accordance with identified 
ARARs/TBCs. 

Would be conducted in 
accordance with identified 
ARARs/TBCs. 

Would be conducted in 
accordance with identified 
ARARs/TBCs. 

Would be conducted in 
accordance with identified 
ARARs/TBCs. 
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CRITERIA ALTERNATIVE 1: 
NO ACTION 

ALTERNATIVE 2: 
LIMITED ACTION 

ALTERNATIVE 3: 
LIMITED REMOVAL AND 

DISPOSAL 
(BEACH AREA) 

ALTERNATIVE 4: 
REMOVAL AND DISPOSAL 

OPTION A 

ALTERNATIVE 5: 
REMOVAL AND 

DISPOSAL OPTION B 

Long-Term Effectiveness and Permanence: 

Magnitude of Residual 
Risk 

All existing risks to 
human health and the 
environment would 
remain. 

Use and access 
restrictions would 
discourage/deter 
continued human health 
risk, while enforcement 
would be required to 
prevent risk.  No 
reduction in risk to 
ecological receptors 
would occur unless 
source removal results in 
a  decrease of sediment 
COC concentrations to 
below PRGs 

Some contaminated marine 
sediment would remain on site. 
Removal of large volume of 
sediment will reduce long-term 
risks. 

Some contaminated marine 
sediment would remain on site. 
Removal of large volume of 
sediment will reduce long-term 
risks. 

Contaminants would be 
removed.  No residual 
risks would remain on 
site. Permanent solution. 

Adequacy and 
Reliability of Controls 

Not applicable. Would require 
enforcement of use and 
access restrictions. 

Long-term adequate 
enforcement of access 
restrictions to intertidal 
area may be difficult to 
ensure. 

No control would be in place 
for contaminated sediment 
remaining in-place. 

No control would be in place 
for contaminated sediment 
remaining in-place. 

No on-site controls 
needed to ensure 
reliability because all 
sediment exceeding 
PRGs would be disposed 
off site.  
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CRITERIA ALTERNATIVE 1: 
NO ACTION 

ALTERNATIVE 2: 
LIMITED ACTION 

ALTERNATIVE 3: 
LIMITED REMOVAL AND 

DISPOSAL 
(BEACH AREA) 

ALTERNATIVE 4: 
LIMITED REMOVAL AND 

DISPOSAL 
(BEACH AND NEARSHORE )

ALTERNATIVE 5: 
REMOVAL AND 

DISPOSAL 

Reduction of Toxicity, Mobility, or Volume Through Treatment: 

Need for 5-Year 
Review 

Review would be 
required since 
contaminants would 
remain on site. 

Review would be 
required since 
contaminants would 
remain on site. 

Review would be required 
since contaminants would 
remain on site. 

Review would be required 
since contaminants would 
remain on site. 

All contaminants 
exceeding PRGs would be 
removed. Assumed 1 
review would be 
conducted in year 5 to 
assess the remediation. 

Treatment Process 
Used and Materials 
Treated 

None. None. TSDF may have treatment to 
meet LDRs 

TSDF may have treatment to 
meet LDRs 

TSDF may have 
treatment to meet LDRs 

Amount of Hazardous 
Materials Destroyed or 
Treated 

None. None. None. TSDF may treat 
sediment to meet LDRs 

None. TSDF may treat 
sediment to meet LDRs 

None. TSDF may treat 
sediment to meet LDRs 

Degree of Expected 
Reductions in Toxicity, 
Mobility, or Volume 
Through Treatment 

No reduction is 
anticipated. 

No reduction is 
anticipated. 

Would provide reduction in 
toxicity and mobility through 
treatment at off site. May 
result in increase in volume 
associated with solidification/ 
stabilization of the treated 
portion. 

Would provide reduction in 
toxicity and mobility through 
treatment at off site. May 
result in increase in volume 
associated with solidification/ 
stabilization of the treated 
portion. 

Would provide reduction 
in toxicity and mobility 
through treatment at off 
site. May result in 
increase in volume 
associated with 
solidification/ stabilization 
of the treated portion. 



  
 

TABLE 6-15 (cont’d) 
SUMMARY OF COMPARATIVE ANALYSIS OF SEDIMENT ALTERNATIVES 
FEASIBILITY STUDY 
OLD FIRE FIGHTING TRAINING AREA 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
PAGE 5 OF 7 
 

 
 

 

CRITERIA ALTERNATIVE 1: 
NO ACTION 

ALTERNATIVE 2: 
LIMITED ACTION 

ALTERNATIVE 3: 
LIMITED REMOVAL AND 

DISPOSAL 
(BEACH AREA) 

ALTERNATIVE 4: 
REMOVAL AND DISPOSAL 

OPTION A 

ALTERNATIVE 5: 
REMOVAL AND 

DISPOSAL OPTION B 

Degree to Which 
Treatment is 
Irreversible 

Not applicable. Not applicable. Irreversible for sediment 
receiving treatment. 

Irreversible for sediment 
receiving treatment. 

Irreversible for sediment 
receiving treatment.  

Type and Quantity of 
Residuals Remaining 
after Treatment 

Not applicable.  Not applicable. Residuals from treatment 
would depend on process(es) 
used.  Residuals would be 
handled by TSDF or landfill. 

Residual water from sediment 
dewatering would require 
treatment prior to discharge; 
volume depends on sediment 
removal technique. 

Residuals from treatment 
would depend on process(es) 
used.  Residuals would be 
handled by TSDF or landfill. 

Residual water from sediment 
dewatering would require 
treatment prior to discharge; 
volume depends on sediment 
removal technique. 

Residuals from treatment 
would depend on 
process(es) used.  
Residuals would be 
handled by TSDF or 
landfill. 

Residual water from 
sediment dewatering 
would require treatment 
prior to discharge; volume 
depends on sediment 
removal technique. 

Statutory Preference 
for Treatment 

Not achieved. Not achieved. Achieved for that portion of 
excavated sediment receiving 
treatment at TSDF. 

Achieved for that portion of 
excavated sediment receiving 
treatment at TSDF. 

Achieved for that portion 
of excavated sediment 
receiving treatment at 
TSDF. 
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CRITERIA ALTERNATIVE 1: 
NO ACTION 

ALTERNATIVE 2: 
LIMITED ACTION 

ALTERNATIVE 3: 
LIMITED REMOVAL AND 

DISPOSAL 
(BEACH AREA) 

ALTERNATIVE 4: 
REMOVAL AND DISPOSAL 

OPTION A 

ALTERNATIVE 5: 
REMOVAL AND 

DISPOSAL OPTION B 

Short-Term Effectiveness: 

Community Protection No short-term risks are 
anticipated. 

Same as Alternative1.  Minor risks associated with 
transportation of dredge 
spoils over the road  

Minor risks associated with 
transportation of dredge 
spoils over the road 

Minor risks associated 
with transportation of 
dredge spoils over the 
road 

Worker Protection No short-term risks are 
anticipated. 

Exposure risks (direct 
contact) associated with 
monitoring activities and 
installation of fencing 
and buoy system in 
intertidal zone would be 
minimized by use of 
PPE. 

Exposure risks associated 
with excavation and 
monitoring would be 
minimized by use of PPE. 

Exposure risks associated 
with excavation and 
monitoring would be 
minimized by use of PPE. 

Exposure risks associated 
with excavation and 
monitoring would be 
minimized by use of PPE. 

Environmental 
Impacts 

Not applicable. Minimal impacts 
(sediment 
resuspension) 
associated with 
installation of fencing 
and buoy system in 
intertidal zone would be 
minimized by use of silt 
curtains, silt fences, etc. 

Short-term risks (sediment 
resuspension) associated 
with site preparation and 
excavation would be 
minimized by use of silt 
curtains, silt fences, etc.  
 
 

Short-term risks (sediment 
resuspension) associated 
with site preparation and 
excavation would be 
minimized by use of silt 
curtains, silt fences, etc.  
 
 

Short-term risks 
(sediment resuspension) 
associated with site 
preparation and 
excavation would be 
minimized by use of silt 
curtains, silt fences, etc. 
Eelgrass beds may not be 
fully restored. 
 

Time Until RAOs are 
Achieved 

Not achieved. One month to meet 
human health RAOs 
only. RAOs for 
protection of the 
environment would not 
be achieved 

3-4 months (assuming no 
interruption of alternative 
implementation). 

6-8 months (assuming no 
interruption of alternative 
implementation). 

6-8 months (assuming no 
interruption of alternative 
implementation). 
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CRITERIA ALTERNATIVE 1: 
NO ACTION 

ALTERNATIVE 2: 
LIMITED ACTION 

ALTERNATIVE 3: 
LIMITED REMOVAL AND 

DISPOSAL 
(BEACH AREA) 

ALTERNATIVE 4: 
REMOVAL AND DISPOSAL 

OPTION A 

ALTERNATIVE 5: 
REMOVAL AND 

DISPOSAL OPTION B 

Costa, b 
Capital Costs $0 $10,000 $3,022,000 $3,496,000 $3,775,000 
Total Annual 
Operations and 
Maintenance (O&M) 

$0 $70,000 $73,000 $52,000 $44,000 

5-Year Reviews $22,000 $22,000 $22,000 $22,000 $22,000 
Total Present Worth 
Project Costs 

$70,000 $653,000 $3,605,000 $3,922,000 $4,095,000 

 
aDetailed cost estimates are presented in Appendix F. 
bThese costs have been rounded to the nearest $1,000. 
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APPENDIX A

EVALUATION OF THE GROUNDWATER TO SEDIMENT PATHWAY

FEASIBILITY STUDY

OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

This appendix provides an evaluation of potential migration from OFFTA groundwater to marine

sediment.

Activities associated with the operation and demolition of the OFFTA site have resulted in the presence of

VOCs, SVOCs, pesticides, PCBs, dioxins, furans, and metals in site soils. The occurrence of several of

these chemicals in groundwater and adjacent marine sediments suggests they have migrated from the

soil to other environmental media. The purpose of this analysis is to evaluate the extent to which

groundwater transfers site-related contaminants to the shoreline and marine sediments.

The shallow groundwater beneath the OFFTA site flows radially away from the south-central portion of

the site toward the shoreline at the northern end of Coasters Harbor Island (TtNUS, 2001). Water levels

in overburden and shallow bedrock wells near the shoreline are influenced by ocean tides (TtNUS, 2001).

In addition, groundwater near the shoreline is contaminated by seawater. The direction of shallow

groundwater flow, the presence of tidally-induced water-level fluctuations in the shoreline groundwater,

and geochemical evidence for sea water intrusion indicate groundwater and seawater pass through the

nearshore marine sediments along the northern edge of the OFFTA site.

Several VOCs, SVOCs, and metals are present in the groundwater beneath the OFFTA site. Most of the

contaminants occur at very low concentrations, and many were detected in only a few samples. Table

A-1 lists all of the VOCs, SVOCs, and EPA Priority Pollutant metals found in the OFFTA groundwater in

1997 when the wells were sampled using a low flow/low stress approach. Table A-1 also provides

sediment data for these contaminants, and Table A-2 provides soil data.

The only VOCs detected in the groundwater in 1997 were benzene and ethylbenzene. Low

concentrations of benzene were found in two of the 13 groundwater samples (8 jJg/1 and 33 jJg/I), and a

small amount of ethylbenzene was detected in one of these samples (38 jJg/I). Benzene and

ethylbenzene, together with toluene and xylene comprise the more volatile, water soluble, and therefore

mobile components of petroleum fuels. These four VOCs were not detected in most of the soil,

groundwater, and sediment samples collected during the various phases of investigation at the OFFTA

site (TtNUS, 2001). In fact, the only BTEX compound found in any of the sediment samples was

benzene, and it was only found one sample at a concentration of 1 jJg/kg. The scarcity and low

A-1



concentrations of BTEX compounds in the soils, groundwater, and sediments of this petroleum-affected

system indicate the bulk of the soluble and volatile petroleum hydrocarbons have already partitioned to

the vapor phase or dissolved phase, and have been degraded or transported out of the system.

Therefore, OFFTA groundwater does not appear to represent a present or future threat to sediment

quality with respect to significant VOG contamination.

Six of the eight SVOGs found in the groundwater in 1997 were petroleum-related, and five of these were

polycyclic aromatic hydrocarbons, or PAHs. Petroleum-related PAHs are generally much less volatile and

soluble than BTEX compounds; as a result, these contaminants are still present at relatively high

concentrations in many of the soil samples collected at the OFFTA site. Measures of total PAH

concentrations in subsurface soil samples were as high as 21,100 ,lIg/kg (TtNUS, 2001). By contrast,

PAHs were detected in only two of the 1997 groundwater samples, and both of these samples were

collected from wells installed within petroleum-stained soils. The total PAH concentration in MW-101 was

368,l1g/1. This well is situated near the southern (landward) boundary of the OFFTA site. The total PAH

concentration in MW-102, which is located near the shoreline, was 26 ,lIg/1. Naphthalene and

2-Methylnaphthalene - by far the most soluble PAHs found in the 1997 groundwater samples 

comprised the bulk of the PAHs in both samples. The low concentrations and infrequent occurrences of

PAHs in groundwater are likely due to the low solubilities of these compounds and their strong affinities to

sorb to soil particles. The PAHs associated with the OFFTA soils will continue to leach into the

groundwater, but the solubility and adsorptive characteristics of these contaminants should act to keep

groundwater PAH concentrations low.

Apart from the naphthalenes, the concentrations of PAHs in the marine sediments are much higher than

would be expected from groundwater discharge alone. (Although phenanthrene was the only PAH

detected in the shoreline sediment samples, the detection limits for the other PAHs ranged from 1800

,lIg/kg to 4000 ,lIg/kg. Therefore, the shoreline sediments may also contain much higher concentrations of

PAHs than the groundwater.) It is possible the groundwater transported higher concentrations of PAHs in

the past when the site was being used for fire fighting training activities, but presently, the groundwater

appears to playa negligible role in non-naphthalene PAH transport. The PAHs associated with OFFTA

shoreline and marine sediments were probably derived not only from groundwater, but also from direct

contact with site-related fuels and combustion byproducts, wind and water erosion of PAH-coated soil

particles, weathering of asphalt fragments present in the intertidal zone, and other off-site sources such

as fuel leaks and spills from boating activities in the harbor and bay.

The other three SVOGs in the 1997 groundwater samples were phenols, carbazole, and dibenzofuran.

These three contaminants were present in only three of the 13 groundwater samples. Groundwater
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concentrations of each these constituents were always less than 9 .ug/I, and none of them were detected

in the sediment samples.

EPA Priority Pollutant metals were detected more frequently in the OFFTA groundwater (see Table A-1).

Each of the 13 groundwater samples collected in 1997 contained at least one of the following metals:

arsenic, cadmium, chromium, copper, lead, mercury, silver, or ~inc. However, concentrations of these

inorganics in groundwater were two to five orders of magnitude lower than their concentrations in

sediments, and only arsenic and lead were found at concentrations exceeding MCLs in one or more

groundwater samples.

The maximum arsenic concentration detected in groundwater (0.0498 mg/I) was similar to its background

value (0.0165 mg/I). Likewise, the maximum arsenic concentrations in surface and subsurface soils were

similar to their respective background values (see Table A-2). Since onsite arsenic concentrations were

comparable to those detected in background samples, all of the arsenic present in the site's soil and

groundwater may be naturally occurring. The slightly higher than background concentrations of arsenic in

groundwater are probably due to reducing conditions enhancing the mobility of arsenic (TtNUS, 2001).

Arsenic concentrations in the shoreline and marine sediments were slightly less than those found in the

site's soils. Moreover, arsenic concentrations in the groundwater are two orders of magnitude less than

those found in the sediments. As a result, groundwater appears to contribute a relatively small amount of

arsenic to these sediments, and nearly all of the arsenic in the sediments may be naturally occurring.

Unlike arsenic, lead concentrations in the OFFTA soil samples were much higher than those in the

background soil samples, indicating the presence of lead contamination at the site. Lead is relatively

immobile in near neutral pH environments, and the pH in the 1997 groundwater samples generally ranged

from 6.5 to 7.5. As a result, lead concentrations exceeded the 0.015 mg/I action level in only three

samples, and two of these samples contained less than 0.030 mg/1. Despite the high concentrations of

lead in the OFFTA soils (up to 7,820 mg/kg), only traces are dissolved in groundwater due to the low

solubility of iead minerals and its strong affinity for soil particles in nonacidic environments.

Lead concentrations in both the shoreline and marine sediments are much iower than those in the OFFTA

soils, but they are still well above soil background levels. Since groundwater concentrations of lead are

as many as five orders of magnitude less than those in the sediments, groundwater appears to contribute

a relatively insignificant amount of lead to the shoreline and marine sediments. Potentially more

significant sources of sediment contamination include wind and water erosion of lead-rich soil particles,

and off-site sources such as offshore leaded gasoline spills and leaks and the deposition of leaded

gasoline combustion products.
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TABLEA·1
VOCs, SVOCs, AND EPA PRIORITY POLLUTANT METALS

FOUND IN 1997 GROUNDWATER SAMPLES AND SEDIMENT SAMPLES
FEASIBILITY STUDY

OLD FIRE FIGHTING TRAINING AREA
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

1997 Unfiltered Groundwater Sediment Shoreline Sediment Marine
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CADMIUM r;r- MG/L 3 13 0.0024 0.00341 0.0007 MG/KG 0 5 --NO· ND MG/KG 35 35 0.06 1.
CHROMIUM M MG/L 12 13 0.0032 0.03991 0.1130 MG/KG 5 5 10.9 15.8 MG/KG 35 35 17.60 232.(
COPPER M MG/L 4 13 0.0136 0.1660 0.1200 MG/KG 5 5~ 61.4 MG/KG 35 35 2.50 84.
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ETHYLElE"NZEI'f"'----- m- UG/L 1 13 38 38 NA UG/KG 0 N UG/KG NA NA -- ..

NA = Not Analyzed
ND = Not Detected



TABLEA-2
VOCs, SVOCs, AND EPA PRIORITY POLLUTANT METALS FOUND IN SOIL

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT. RHODE ISLAND
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CHROMIUM M MG/KG 76 76 r-PO 37.9 20.2 MG/KG 50 50 5.40 619 -24:1
COPPER M MG/KG 75 76 2.40 220.01 23.8 MG/KG' 49 50 6.10 2310.0 30
LEAD 'M' MG/KG 75 76 2.90 2970.6"1" 48.8 MG/KG 49 49 2.20 7820.0 15.4
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NA =Not Analyzed
NO =Not Detected
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EXECUTIVE SUMMARY

The groundwater risk evaluation for OFFTA Site considered potential exposures to residents, assuming

residential tap water ingestion and household bathing/showering. This standard residential scenario is

unrealistic for the Site based on the groundwater classification, the high salinity of groundwater at the site,

and the availability of nearby alternative potable water supplies. Under unrestricted future residential use

conditions, other secondary types of residential contact with groundwater are conceivable - for example,

contact with groundwater associated with lawn or garden sprinklers, car washing, swimming pools, etc.

The standard residential scenario was applied to this evaluation to be protective of all potential uses of

groundwater at the site.

Non-cancer risks were evaluated using both reasonable maximum (RME) and central tendency (CTE)

conditions for both children and adults. Non-cancer hazard indices for both children and adults exceed

the acceptable level of 1.0 for at least one target organ under each exposure. The target organs likely to

be most affected are the CNS, skin and vascular system, kidney, weight loss, and blood. The principal

contaminants contributing to these unacceptable non-cancer hazard indices are manganese, arsenic,

barium, cadmium, chromium, dibenzofuran, naphthalene, 2-methylnaphthalene, benzene, and zinc.

Drinking water ingestion contributed the majority of non-cancer risk.

Cancer risks were evaluated using both RME and CTE conditions for lifetime residents- exposed to

groundwater at OFFTA Site. Under RME conditions, cancer risks exceed EPA's target risk range (1 x 10"

to 1 x 10.6). Under CTE conditions, cancer risks are within EPA's target risk range (1 x 10.4 to 1 x 10.6),

but exceed the 1 x 10.5 RIDEM criterion. The primary contributors to unacceptable cancer risks are

arsenic via ingestion and benzene via inhalation and ingestion.

Blood-lead leveis resulting from groundwater exposure in residential children (age 1 - 6) were estimated

using the Integrated Exposure and Uptake Biokinetic (IEUBK) Model (version 0.99) developed by EPA

(EPA, 1994a) assuming that site groundwater is the primary drinking water source. The estimated

percentage of children exposed to groundwater and site soil that are predicted to exhibit a blood lead level

above 10 IJg/dL is greater than EPA's protective level cutoff of 5 percent. This indicates that adverse effects

from exposure to lead by residential children under these conditions cannot be ruled out.

The estimated risks described above (non-cancer, cancer, and blood lead levels) are based on the

unrealistic scenario of unrestricted residential groundwater use as the primary drinking water source for

future on-site residents. The resulting risks overestimate the probable risks associated with secondary

residential exposure pathways. Since these risks result primarily from ingestion and inhalation pathways;

predicted risks from the more likely secondary residential groundwater, which involve predominantly dermal
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exposures with less frequent exposures, are likely to be significantly lower and may be less than EPA

benchmarks.
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1.0 INTRODUCTION

This report presents the Groundwater Risk Evaluation for the Old Fire Fighting Training Area (OFFTA)

site (Site 09), located at Naval Station Newport (NAVSTA Newport) in Newport, Rhode Island (formerly

the Naval Education and Training Center [NETC]). The Groundwater Risk Evaluation is submitted in

partial fuifillment of the Remedial Investigation/Feasibility Study'(RIIFS) for the site. The RI/FS was

initiated by TRC Environmental Corporation (TRC) on behalf of the United States Navy (Navy) under

contract N62472-86-C-1282 for the Engineering Field Activity Northeast Naval Facilities Engineering

Command (EFA Northeast). The RI/FS is being completed by Tetra Tech NUS, Inc. (TtNUS), formerly

Brown and Root Environmental (B&RE), on behaif of the Navy under Contract Number N62472-90-D

1298 for EFA Northeast.

The Final OFFTA RI Report was submitted to the United States Environmental Protection Agency,

Region I (EPA) and the Rhode Island Department of Environmental Management (RIDEM) in July 2001.

In October 2001 the Draft FS Report addressing contaminated soil and sediment at the site was

submitted to the EPA and RIDEM. Based on the comments received, it was determined that the FS

report could not be finalized until an evaluation of groundwater risks was completed and the results

integrated into a revised Draft Final FS Report.

1.1 OBJECTIVE

The general objectives of the risk evaluation were to estimate the potential risks to human health resulting

from the presence of contamination in groundwater and to provide the basis for determining appropriate

remedial measures, if any, for this medium as part ofthe Feasibility Study.

The specific objectives of the risk evaluation were as follows:

• To estimate the potential future risks to human health resulting from the presence of

contamination in groundwater, considering unrestricted use of groundwater for residential

activities.

• To provide a basis for establishing concentrations that are protective of potential human receptors

under a residential exposure scenario.

• To determine the need for remedial actions, if any, consistent with the unrestricted use of the site.

Note that groundwater within the study area has been classified by RIDEM as GB. A

groundwater classification of GB indicates that groundwater has been designated as unsuitable

W5201257DF 1-1 GTO 282



DRAFT FINAL

for public or private drinking water use. The groundwater in the study area occurs under

urbanized/developed land and is affected by seawater. Nearby potable water supply lines are

available; therefore, it would be considered impractical to treat saline groundwater for the purpose

of generating a usable drinking water supply. Although use restrictions may not be necessary to

prevent consumption of groundwater as residential tap water under the current classification,

institutional controls might be advisable to prevent other types of contact with groundwater - for

example, lawn or garden sprinklers, car washing, swimming pools, etc.

Three major aspects of chemical contamination must be considered when assessing public health risks:

(1) contaminants with toxic characteristics must be found in environmental media and must be released

by either natural processes or by human action; (2) potential exposure points must exist either at the

source or via migration pathways if exposure occurs at a remote location other than the source; and (3)

human or environmental receptors must be present at the point of exposure. Risk is a function of both

toxicity and exposure; without anyone ofthe three factors listed above, there is no risk.

1.2 BACKGROUND

The OFFTA RI report (TtNUS July 2001) provides a summary of background information about NAVSTA

Newport and the Old Fire Fighting Training Area. It includes summaries of the scope and findings of the

Phase I Rl, Phase II RI, Source Removal Evaluation, Phase III Rl, Background Soils Investigation, and

the offshore ecological risk investigations. The Rl provides a comprehensive site contamination

assessment. This document also includes a human health risk assessment (HHRA) for soil and sediment

exposure and the findings of the marine ERA.

1.3 REPORT ORGANIZATION

This risk evaluation is divided into Data Evaluation, Exposure Assessment, Toxicity Assessment, Risk

Characterization, Uncertainty Analysis, and Summary/Conclusions. Each section is briefly discussed

below.

Data Evaluation (Section 2.01 is primarily concerned with data quality assessment, identification of

chemicals of potential concern (COPCs), distributional analysis of the data, and calculation of exposure

point concentrations. The data are analyzed and COPCs are selected that are representative of the type

expected for potential human health exposure. Distributional anaiysis of the data allows an evaluation of

the variation in exposure point concentrations, which can be used to assess the uncertainty related to use

of the maximum groundwater concentration of each COPC as the input exposure point concentration for

risk evaluation.
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Exposure Assessment (Section 3.0) identifies potentiai human health exposure, including a

characterization of the site setting, description of potential receptors, selection of exposure routes,

derivation of exposure estimates for each pathway, and a special explanation of the blood-lead modeling.

This section identifies potential pathways of COPC migration, selected potential receptors, and the

estimated intakes of COPCs for the identified receptors.

Toxicity Assessment (Section 4.0) presents available reference doses, cancer slope factors, EPA weight

of evidence, and adjustment of the dose-response parameters. Quantitative toxicity indices, where

available, are presented in this section, including any applicable regulatory standards and criteria.

Risk Characterization (Section 5.0) presents the approaches for determining carcinogenic risks,

noncarcinogenic risks, and lead risks. The risk characterization evaluates the potential for adverse heaith

effects from exposure to COPC concentrations in environmental media by integrating information

developed during the toxicity and exposure assessments.

Uncertainty Analysis (Section 6.0) is a discussion of the general and site-specific uncertainties associated

with the groundwater risk evaluation.

Summary (Section 7.0) presents major conclusions of the groundwater risk evaluation.
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2.0 DATA EVALUATION

This section presents the approaches for data quality assessment, identification of COPCs, distributional

analysis of the data, and exposure point concentrations.

2.1 DATA USED FOR THE RISK EVALUATION

The available database considered for use in this risk evaluation includes background and site-associated

sample results from recent (1997) groundwater investigations. Data utilized in this risk evaluation were

comprised of validated analytical results of known or sufficient quality for use in quantitative risk

calculations. The data were collected by Tetra Tech NUS (Phase Iii - 1997). Only the 1997 groundwater

data were considered for use in this risk evaluation because these samples were collected using low-ftow

sampling pumps to minimize the generation of suspended solids during sampling, unlike the earlier

samples collected by TRC (Phase I - 1990, Phase la - 1991, and Phase Ii - 1993), which were obtained

using conventional bailers. Only unfiltered results were used. Background groundwater samples were

collected from two upgradient monitoring wells.

2.2 IDENTIFICATION OF COPCS

The selection of COPCs was based on chemical-specific concentrations, occurrence, distribution, and

tOXicity. COPCs were selected to represent site contamination and to proVide the framework for the

quantitative groundwater risk evaluation. COPCs include only those chemicals with positive detections

within the area of interest (i.e., detected in on-site wells).

A chemical was selected as a COPC if the maximum detected concentration was greater than the

associated risk-based concentration (RBC) based on a target cancer risk of 1 X 10-6 or a noncancer

hazard quotient (HQ) of 0.1. RBCs were obtained from the latest EPA Region IX Preliminary

Remediation Goals (PRGs) listing for residential groundwater use (EPA, 2000a). All exposures to

groundwater for all receptors were conservatively screened using the residential exposure assumptions in

the PRG table. PRGs that were based on noncancer effects were adjusted from a HQ of 1.0 to a HQ of

0.1 to protect against the possibility of additive toxic effects from multiple chemicals.

COPCs for metals were not eliminated from consideration based on comparison to the levels found in

upgradient wells. Statistical background comparison tests could not be performed because of lack of a

sufficient number of background sample locations (data were collected from only two upgradient wells).

However, a qualitative comparison of site and background samples for groundwater is presented within

the risk evaluation uncertainty discussion.

WS201257DF 2-1 CTO 282



DRAFT FINAL

Essential nutrients were not considered as COPCs, including calcium, chloride, magnesium, potassiu'm,

and sodium. Several other common minerals (aluminum, cobalt, copper, and iron) have only provisional

toxicity criteria, based on risk assessment guidance from EPA Region I (EPA, 1999). Of the detected

common minerals that did not have published toxicity criteria from accepted references (EPA, IRIS, or

HEAST), all were retained as COPCs for illustration to document cases in which a current lack of

knowledge regarding toxicity adds uncertainty to the risk evaluation.

EPA has not developed PRGs for 2-methylnaphthalene and phenanthrene. RBCs for these contaminants

were developed using surrogate PAHs, naphthalene and f1uoranthene, respectively.

The PRG for hexavalent chromium was used for COPC selection because speciation data (i.e., trivalent

versus hexavalent) were not available for groundwater samples collected at OFFTA. Similariy, the PRG

for methyl mercury was used for COPC selection because the fonm of mercury at the site is unknown and

methyl mercury is considered the most toxic form of mercury.

The COPC selections and the rationale for inclusion or exclusion of chemicals are documented in

Table 2-1 (RAGs D Table 2). In this table, chemicals with a "Y" listed in the COPC selection column were

retained as COPCs for all quantitative risk calculations.

2.3 COMPARISON TO MAXIMUM CONTAMINANT LEVELS (MCLS)

In addition to comparing maximum detected concentrations to RBCs, Table 2-1 presents a comparison of

maximum detected concentrations to MCls. Only two contaminants exceeded their respective MCls:

benzene and lead. Benzene was selected as a COPC based on comparison to RBCs. lead was

selected as an additional COPC in groundwater based on comparison to the MCl of 15 !-'g/L.

2.4 DISTRIBUTIONAL ANALYSIS OF THE DATA

This section presents the approaches taken for distributional analysis of the OFFTA site analytical data.

Distributional analysis of the sampling data is important in determining the appropriate technique for

estimating the chemical concentration to which a receptor is assumed to be continuously exposed (see

Section 2.4) and to gain knowledge about the variation and uncertainty in the concentration used to

quantitatively estimate risks at the site. Statistical analyses discussed in this section adhere to the

guidance referenced in several EPA documents and related publications (EPA, 1989, 1992a, 1992b, 1992d,

and 1996a). The underiying statistical distribution of data was detenmined for each COPC. The Shapiro

Wilk W test or the Shapiro-Francia Test (EPA, 1992d) were performed to determine if the data set of

chemical concentrations matched the shape of a normal or lognonmal distribution. [The latter test is required

WS201257DF 2-2 CTO 282



DRAFT FINAL

if there are greater than 50 samples (EPA, 1992d, 1996a).] Normally distributed data exhibit a characteristic

"bell-shape" curve that is symmetrical, whereas lognormal data have a skewed shape with a longer tail at

the high-concentration end. For each COPC, the W test was performed once using the original data and

once after data were converted to their logarithms. A 5 percent level of significance was used to determine

if the data deviated from either hypothesized distribution. If taking the natural logarithms (base e) of the

data provided a better match than a normal distribution, a lognormal transformation of data was assumed

before the mean concentration was computed. If neither distribution matched the data set of interest, the

distribution having the better apparent fit was selected.

The distributional analysis results for COPCs in groundwater is shown in Table 2-2.

2.5 EXPOSURE POINT CONCENTRATIONS

In this groundwater risk evaluation, an exposure point concentration (EPC) represents an estimated

chemical concentration to which a receptor is assumed to be continuously exposed while in contact with

groundwater. The EPC was calculated using the latest risk evaluation guidance from EPA (1985, 1989a,

1992b, 1994c, and 1998b) and Gilbert (1987).

2.5.1 Reasonable Maximum and Central Tendency Exposure EPCs

Two types of EPCs are possible for use in this risk evaluation, reasonable maximum exposure (RME)

EPCs and central tendency exposure (CTE) EPCs. RME is the exposure that is expected to represent an

upper-bound exposure in a given medium of interest. RME EPCs were selected as the maximum value

in accordance with Region I EPA guidance for groundwater (EPA, 1994b).

CTE is the exposure that is expected to represent an average exposure in a given medium of interest.

Note: CTE analysis at OFFTA was performed for the groundwater exposure pathway because estimated

cancer risks were above 1 x 10.4 and the noncancer His based on the same target organ were above 1.0.

(CTE analysis not only involves a modified EPC, but also involves changes to input parameters for each

exposure pathway.) CTE EPCs were selected as the arithmetic mean of the sample concentrations (for a

normal distribution) or the minimum variance unbiased estimate of the population's arithmetic mean (for a

lognormal distribution) in all cases except those where the mean estimate was greater than the maximum

detected concentration (which may happen if trace level detections are all less than one-half of the

quantitation limit). In the latter case, CTE used the minimum among the two quantities, mean estimate or

maximum detected concentration, as the CTE EPC. The minimum variance unbiased estimate of the

population's arithmetic mean for a lognormal distribution estimates the arithmetic mean for an infinite

number of observations taken from a lognormal population, when data are only available for a finite

W52012S7DF 2-3 cTa 282



DRAFT FINAL

number of observations. It involves a correction factor applied to the arithmetic mean. The equations

below are taken from Giibert, 1987:

Mean-T= exp{uL}Psin(s,'/2)

Where: UL = arithmetic mean of log-transformed data

Sy = standard deviation of log-transformed data'

Psin(t), with t = s/12, is the infinite series:

Psin(t) = 1 + (n-1)t1n + (n-1)3e/(2!n'(n+1)) + (n-1)se/(3!n3(n+1)(n+3)) +

(n_1)7t4/(4!n4(n+1 )(n+3)(n+5)) +

2.5.2 Treatment of Data in EPC Calculations

Validated laboratory data were used to calculate EPGs for all data. Estimated values (J qualified) and

biased values (L and K qualified) were used as the reported value. Rejected results (R qualified) were

eliminated from further consideration. Blank-qualified results were treated as non-detects based on EPA

regional data validation guidance.

For chemicals with at least one positive detection in each data set, a value of one-half the sample

quantitation limit was assumed for non-detect (U qualified) results when calculating EPGs.

Duplicate samples were represented in the quantitative risk evaluation for a location as the maximum

detected result of the two samples analyzed.

2.5.3 EPCs for Exposure Pathways

The RME and GTE EPGs for GOPGs in groundwater are shown on Table 2-3.
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3.0 EXPOSURE ASSESSMENT

The exposure assessment evaluates the potential for human exposure to the chemicals detected in the

environmental media of concern at the OFFTA site investigated during the RI. This section presents a

characterization of the exposure setting, characterizes the exposed populations, identifies actual or

potential exposure routes, and summarizes the methods used tb generate exposure estimates. The

nature and extent of contamination for each media of concern for which exposures were based were

presented in the RI Report (TtNUS, 2000 Section 4.0).

3.1 CHARACTERIZATION OF THE EXPOSURE SETTING

OFFTA is located at the Northern end of Coasters Harbor Island. The site occupies approximately 5.5

acres and is bordered to the west, north, and east by Narragansett Bay and Coasters Harbor. Contact

with groundwater is the only medium of exposure evaluated in this risk evaluation, because exposures to

soil, sediment, and ingestion of shellfish were previously evaluated quantitatively in the baseline human

heaith risk evaluation (TtNUS, 2001).

Residential tap water ingestion and household bathing/showering are impractical future exposure

scenarios at the OFFTA site because of the high salinity of groundwater at the site, the RIDEM

classification as not suitable for such use, and the availability of nearby alternative potable water supplies.

However, actions (institutional controls) might be advisable to restrict other types of contact with

groundwater - for example, lawn or garden sprinklers, car washing, swimming pools, etc. In addition,

restrictions may be necessary to document groundwater conditions should the current groundwater

classification be changed by RIDEM or if groundwater were developed for a source of drinking water after

treatment. To generate an upper bound estimate of risks from all potential uses of groundwater, a

standard residential scenario is useful because the degree of exposure to contaminants from this

scenario would be greater than with other exposure scenarios. In this manner, the risk evaluation can

yield standards for protectiveness that are assured to encompass the full range of possible exposures

that might occur at the site.

3.2 POTENTIAL RECEPTORS

The potential receptors chosen for OFFTA site are presented in this section. These receptors are listed

as follows:

• Future Residential Child - This receptor is a child (age 1 - 6) who resides at or near the OFFTA

site. This receptor is potentially exposed to COPCs in groundwater via ingestion of tap water and

WS201257DF 3-1 cTa 282



DRAFT FINAL

dermal absorption while bathing. As discussed above, the rationale for including this scenario is

to ensure that the risk evaluation can yield standards for protectiveness that are assured to

encompass the full range of possible exposures that might occur at the site.

• Future Residential Adult - This receptor is an adult (24 years exposure duration) who resides at or

near the OFFTA site. This receptor is potentially exposed to COPCs in groundwater via ingestion

of tap water, dermal absorption while bathing or showering, and inhalation of COPCs during

showering. The rationale for including this scenario was discussed above.

• Future Lifetime Resident - This receptor is a person who resides at or near the OFFTA site and is

exposed to groundwater for a duration of 30 years, including the cumulative exposures to a

residential child (age 1 - 6) and a residential adult (24 years exposure duration). This receptor is

potentially exposed to groundwater via ingestion, dermal absorption, and inhalation (showering

for an adult only) of COPCs. The lifetime cancer risk is estimated by adding the cancer risk under

a 24-year adult exposure to the cancer risk under a 6-year child exposure.) The rationale for

including this scenario was discussed above.

3.3 EXPOSURE ESTIMATES

The exposure routes, methods, and models presented in this section are consistent with current EPA risk

assessment guidance (EPA, 1989, 1992a, 1992c, 1994b, 1997b, 2000b). Exposure assumptions

associated with the groundwater exposure route are presented below. All exposure scenarios

incorporate RME and CTE EPCs in the estimation of intakes.

Noncarcinogenic risks were estimated using the concept of an average annual exposure. The intake

incorporates terms describing the exposure time and/or frequency that represent the number of hours per

day and the number of days per year that exposure occurs. This is used along with the "averaging time,"

which converts the total annual exposure to an average daily dose by dividing by 365 days per year of

exposure. Noncarcinogenic risks for some exposure routes were generally greater for children than for

adults because of differences in body weight and intake. Carcinogenic risks, on the other hand, were

estimated as an incremental lifetime risk and, therefore, incorporate terms to average the exposure

duration (years) over the course of a lifetime (70 years).

Tables 3.1 and 3.2 present the RME and CTE input parameters selected for groundwater ingestion and

dermal exposure pathways, respectively, for a residential child. Tables 3.3 and 3.4 present the RME and

CTE input parameters selected for groundwater Ingestion and dermal exposure pathways, respectively,

for a residential adult. Table 3-5 presents the RME and CTE input parameters selected for the

groundwater inhalation exposure pathway for a residential adult.
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For the groundwater exposure pathways, the following items are noteworthy:

• Chemical-specific permeability constants associated with modeling of dermal absorption are not

shown on the exposure input tables. The dermal permeability constants are available from

Dermal Exposure Guidance (EPA, 2000b) and are presented in Table 3-6 for each COPC.

• Derivations of the surface areas used in all dermal exposure equations in this risk evaluation for

each potential receptor were based on surface areas for available body parts. Surface areas

were compiled from several sources (EPA, 1997b and EPA, 1985) and are shown in Table 3-7 for

each potential receptor.

• Several chemical-specific parameters associated with modeling of inhalation of airborne vapors

during showering are not shown on the exposure input tables. These chemical-specific constants

were obtained from several sources, including EPA (1996b) and Foster and Chrostowski (1987)

and are listed in Table 3-8 for each COPC.
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4.0 TOXICITY ASSESSMENT

Toxicity assessment identifies the potential health hazards associated with exposure to each of the

COPCs. A toxicological evaluation characterizes the inherent toxicity of a compound. The literature

indicates that the COPCs have the potential to cause carcinogenic and/or noncarcinogenic health effects

in humans. Although the COPCs may cause adverse health effect's, dose-response relationships and the

potential for exposure must be evaluated before the risks to receptors can be determined. Dose

response relationships correlate the magnitude of the intake with the probability of toxic effects, as

discussed below. Toxicity information for the COPCs in groundwater at the OFFTA site are presented in

Tables 4.1, 4.2, 4.3, and 4.4 (RAGs D Tables 5.1, 5.2, 6.1, and 6.2, respectively).

An important component of the risk evaluation process is the relationship between the intake of a

compound (the amount of a chemical that is absorbed by a receptor) and the potential for adverse health

effects resulting from exposure to that dose. Dose-response relationships provide a means by which

potential public health impacts can be quantified. The published information of doses and responses is

used in conjunction with information on the nature and magnitude of human exposure to develop an

estimate of potential health risks.

Dose-response values [reference doses (RfDs) and slope factors (SFs)] have been developed by EPA

and other sources for many organics and inorganics. This section provides a brief de:,cription of these

parameters.

4.1 REFERENCE DOSES

The RfD is developed by EPA for chronic and/or subchronic human exposure to hazardous chemicals

and is based solely on the noncarcinogenic effects of chemical substances. Subchronic RfDs are

specifically developed to be protective for a portion of a lifetime exposure to a compound (as a Superfund

program guideline, short term is considered two weeks to 7 years). Chronic RfDs are specifically

developed to be protective for long-term exposure to a compound (as a Superfund program gUideline,

long term is defined as 7 years or more). The RfD is usually expressed as a dose (mg) per unit body

weight (kg) per unit time (day). It is generally derived by dividing a No-Observed-(Adverse)-Effect-Level

(NOAEL or NOEL) or a Lowest-Observed-Adverse-Effect-Level (LOAEL) by an appropriate uncertainty

factor. NOAELs, etc. are determined from laboratory or epidemiological toxicity studies. The uncertainty

factor is based on the availability of toxicity data.

Uncertainty factors are generally applied as multiples of 10 to represent specific areas of uncertainty in

the available data. A factor of 10 is used to account for vanations in the general population (to protect
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sensitive subpopulations), when test results from animals are extrapolated to humans (to account for

interspecies variability), when a NOAEL derived from a subchronic study (instead of a chronic study) is

used to develop the RfD, and when a LOAEL is used instead of a NOAEL. In addition, EPA reserves the

use of a modifying factor of up to 10 for professional judgment of uncertainties in the database not

already accounted for. The default value of the modifying factor is 1.

The RfD incorporates the surety of the evidence for chronic human health effects. Even if applicable

human data exist, the RfD (as diminished by the uncertainty factor) still maintains a margin of safety so

that chronic human health effects are not underestimated. Thus, the RfD is an acceptable guideline for

evaluation of noncarcinogenic risk, although the associated uncertainties preclude its use for precise risk

quantitation. Oral and dermal RfDs, primary target organs, uncertainty/modifying factors, and sources of

noncancer toxicity information for COPCs are provided in Table 4-1 (RAGs D Table 5-1). Inhalation RfDs,

primary target organs, uncertainty/modifying factors, and sources of toxicity information for selected

COPCs in groundwater are provided in Table 4-2 (RAGs D Table 5-2). Inhalation RfDs (mg/kg/day) were

derived from inhalation reference concentrations (RfCs) (mg/m") by dividing by 70 kg (an assumed

human body weight), multiplying by 20 m3/day (an assumed human Inhalation rate), and adjusting by an

appropriate absorption factor (EPA, 1997a).

Target organ data have been extracted from the Integrated Risk Information System (IRIS; EPA, 2001),

Health Effect Assessment Summary Tables (HEAST; EPA, 1997a), or other applicable sources. Only the

target organs that are affected in the applicable study in which the RfD was derived have been included in

Tables 4.1 and 4.2 (RAGs D Tables 5.1 and 5.2, respectively).

Noncarcinogenic risks for lead were not quantified and compared to RfDs, because EPA has

implemented an approach to evaluating lead risks that does not provide a single-point estimate output.

Instead, potential lead exposures are evaluated using a biokinetic model to estimate expected blood-lead

increases. The blood-lead model is discussed in Section 4.7. A discussion of the results of the blood

lead model estimates is presented In Section 5.6.

4.2 CANCER SLOPE FACTORS (SFS)

SFs are applicable for estimating the lifetime probability (assumed 70-year lifespan) of human receptors

developing cancer as a result of exposure to known or potential carcinogens. This factor is generally

reported in units of 1/(mg/kg/day) and Is derived through an assumed low-dosage linear relationship of

extrapolation from high to low dose responses determined from animal studies. The value used In

reporting the slope factor is the upper 95 percent confidence limit.
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Oral and dermal SFs, weight of evidence, and sources of toxicity information for selected COPCs are

provided In Table 4-3 (RAGs D Table 6-1). Inhalation SFs, weight of evidence, and sources of toxicity

information for selected COPCs in groundwater are provided in Table 4-4 (RAGs D Table 6-2). Inhalation

SFs (mg/kg/dayr' were derived from inhalation unit risks (,ug/m3r' by multiplying by 70 kg (an assumed

human body weight), dividing by 20 m3/day (an assumed human inhalation rate), and multiplying by the

appropriate conversion factor (1000 I'g/mg) (EPA, 1997a).

Carcinogenic risks for lead were not quantified, because EPA has not published a SF for inorganic lead.

Instead, potential lead exposures were evaluated using a biokinetic model to estimate expected blood

lead increases. A discussion of these results is presented in Section 5.6.

4.3 EPA WEIGHT OF EVIDENCE

The weight-of-evidence designations indicate the preponderance of evidence regarding carcinogenic

effects in humans and animals. The categories are defined as follows (EPA, 1992a):

WEIGHT OF EVIDENCE CATEGORY DEFINITION
A Known human carcinoaen
81 Probably human carcinoQen, limited human data are available
82 Probable human carcinogen, sufficient animal data are

available but inadeauate human data are available
C Possible human carcinogen
D Not classifiable as to human carcinoQenicity
E Evidence of noncarcinoaenicitv in humans

4.4 ADJUSTMENT OF DOSE-RESPONSE PARAMETERS FOR DERMAL EXPOSURE

Risks associated with dermal exposures were evaluated using toxicity values that are specific to

absorbed dermal doses. Most oral toxicity values are based on administered doses rather than absorbed

doses. Therefore, in accordance with EPA Region i (2000b) and EPA (1989) guidance, the toxicity

values based on administered doses were adjusted before they were used for evaluating absorbed

doses.

Dermal RfDs and SFs were obtained from oral RfDs and SFs via the following relationships:

RfDAdjl/Sled = RjDOrol * GlOmi

SF - SFo,a~
Adjllsted - GI

Oral
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where:

GIOr• , =
RfDOral =
SFOral =

Gastrointestinal (GI) Absorption Efficiency (EPA, 2000b)

Oral Reference Dose (EPA, 2001; EPA, 2000a; EPA, 1997a; or EPA-NCEA)

Oral Slope Factor (EPA, 2001; EPA, 2000a; EPA, 1997a; or EPA-NCEA)

Dermally adjusted RfDs and SFs for COPCs are presented in Tables 4.1 (RAGs D Table 5-1) and 4.3

(RAGs D Table 6-1), respectively.

4.5 TOXICITY CRITERIA FOR CHROMIUM

The toxicity criteria for hexavalent chromium (Cr'6) were used in this groundwater risk evaluation because

speciation data (I.e., trivalent versus hexavalent) were not available for samples collected in areas/media

of COncern at the OFFTA site. Hexavalent chromium is considered to be more toxic than trivalent

chromium, therefore, this assumption is conservative in nature.

4.6 TOXICITY CRITERIA FOR MERCURY

The toxicity criteria for methyl mercury were used in this groundwater risk evaluation because data

indicating the form of mercury in environmental media was not available at the OFFTA site. Methyl

mercury is considered to be more toxic than inorganic mercury, therefore, this assumption is conservative

in nature.

4.7 TOXICITY CRITERIA FOR 2-METHYLNAPHTHALENE AND PHENANTHRENE

EPA has not developed toxicity values for all chemicals for use in quantitative risk characterization.

These COPCs include 2-methylnaphthalene and phenanthrene. Therefore, these chemicals were

evaluated in this report using surrogates (similar PAHs) , naphthalene and f1uoranthene, which is

consistent with previous EPA Region I risk assessment projects. PRG screening criteria were applied

and resulted in phenanthrene present at a level less than the screening criterion, while 2

methylnaphthalene was present greater than the screening level, so that associated risks were evaluated

using the surrogate RfD for naphthalene.

4.8 BLOOD-LEAD MODELING

As outlined in OSWER Directive 9355.4-12, EPA (1994c) has developed an approach to evaluating lead

risks that recognizes the multimedia nature of lead exposures, incorporating absorption and
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pharmacokinetic information. Research has been conducted concerning lead intake and resultant blood

lead levels. Determination of lead uptake from tap water consumption was considered. Potential blood-lead

level increases are estimated and are discussed, along with the potential implications of blood-lead results

for residential children and subsistence fishermen. The following discussion presents information that is

useful in estimating lead exposure.

No threshold has been defined for effects related to blood-lead increases. Effects below blood-lead levels

of 10 ,ug/L are difficult to define. Inhibition of certain enzymes involved in red blood cell metabolism has

been reported to occur at 10 to 15 ,ug/dL and possibly lower. Small increases in blood pressure have been

observed in adults with blood-lead levels down to 7 ,ug/dL (EPA, 1994a). The most sensitive sUbpopulation

to effects below 7 ,ug/dL, would be infants, whose early neurological development can be affected by blood

lead concentrations reportedly down to 5 ,ug/dL (EPA, 1994a). Lead is also a fairly common environmental'

contaminant and, for this reason, typical blood-lead levels in the population at large may already exceed the

concentrations discussed here.

For drinking water exposure, children 0 through 6 months old are expected to experience blood lead

increases at the rate of 0.26 ,ug/dL per ,ug/L lead in water up to 15 ,ug/L and at the rate of 0.04 ,ug/dL for

every ,ug/L lead in water above 15 ,ug/L (EPA, 1994a). For older children, the ratio is 0.12 ,ug/dL blood lead

per ,ug/L lead in water up to 15 ,ug/L and 0.06 ,ug/dL for every ,ug/L lead in water above 15 ,ug/L (EPA,

1994a). For adults, the ratio is approximately 0.06 ,ug/dL blood lead per ,ug/L in water (EPA, 1994a).

Dietary intake of lead is assumed to produce increases of 0.02 to 0.04 ,ug/dL blood lead per ,ug/day ingested

by adults and 0.16 ,ug/dL blood lead per ,ug/day ingested by infants (EPA, 1986a). Blood-lead levels are

estimated to increase by 0.6 to 6.8 ,ug/dL per 1,000 mg/kg lead in soil (EPA, 1986a).

Blood-lead levels resulting from groundwater exposure in residential children (age 1 - 6) were estimated

using the Integrated Exposure and Uptake Biokinetic (IEUBK) Model (version 0.99) developed by EPA

(EPA, 1994a).

The output of the IEUBK Model is a histogram that presents the estimated percentage of children with a

blood-lead level above 10 ,ug/dL (considered to be the threshold significance level above which adverse

effects cannot be ruled out). When the percentage of the population estimated to have blood-levels above

10 ,ug/dL is greater than five percent, then EPA considers the potential for adverse effects to be significant

(EPA, 1994c). These histograms, along with input information particular to each run of the IEUBK model,

are presented in Section 5.6. The estimated percentages of children with blood-lead levels above 10 ,ug/dL

are also presented in Section 5.6. Uncertainties associated with the IEUBK model are discussed in

Section 7.
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For the assessment of lead in tap water ingested by residentiai children, default values in the model are

used to represent the fraction of ingested particulates from soli versus house dust, and the level of matemal

contribution. Additionally, the model's default values are used to represent respiratory rate, soil and water

ingestion rates, and the percent of lead absorption by the various exposure routes. The only site-specific

factors put into the IEUBK model are the concentrations of lead (EPG) in groundwater and soil.
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5.0 RISK CHARACTERIZATION

Potential human health risks resulting from the exposures outlined in the preceding sections are

characterized on a quantitative and qualitative basis in this section. Quantitative risk estimates were

generated based on risk evaluation methods outlined in current EPA guidance (EPA, 1989).

Noncarcinogenic risk estimates were presented in the form of HQs and His that are determined through

comparison of estimated intakes with published RfDs. Incremental cancer risk estimates were provided in

the form of dimensionless probabilities based on SFs.

Estimated human intakes were developed for each of the specific exposure routes discussed in the

preceding sections. Both noncarcinogenic and carcinogenic risks were summarized for each exposure

route on a series of tables in this section.

5.1 NONCARCINOGENIC RISKS

Noncarcinogenic risk was assessed using the concept of HQs and His. The HQ is defined as the ratio of

the estimated intake and the RfD for a selected chemical of concern, as follows:

HQ= Intake
RfD

His were generated by summing the individual HQs for the COPCs. If the value of the HI exceeds unity

(1.0), the potential for noncarcinogenic health risks associated with exposure to that particular chemical

mixture cannot be ruled out (EPA, 1986b). In that case, particular attention should be paid to the target

organ(s) affected by each chemical because these are generally the organ(s) associated with RfD

derived effects, and results (His) for different organs are not truly additive. The HI is not defined as a

mathematical prediction of the severity of toxic effects; it is simply a numerical indicator of exceedence of

the acceptable threshold for noncarcinogenic effects. Above an HI of 1, toxic effects would not

necessarily occur, but can no longer be ruled out.

5.2 CARCINOGENIC RISKS

Incremental cancer risk (ICR) estimates were generated for each of the exposure pathways using the

estimated intakes and published SFs, as follows:

Risk =Intake *SF
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The risk detennined using this equation is defined as a unitless expression of an individual's increased

likelihood of developing cancer as a result of exposure to carcinogenic chemicals. An ICR of 1 x 10'6

indicates that the exposed receptor has a one in a million chance of developing cancer under the defined

exposure scenario. Alternatively, such a risk may be interpreted as representing one additional case of

cancer in an exposed population of one million persons. The calculated cancer risks should be

recognized as upper-limit estimates. SFs are defined as the upper 95 percent confidence limit of a dose

response curve generally derived from animal studies. Actual human risk, while not identifiable, is not

expected to exceed the upper limit based on the SFs and may, in fact, be lower.

5.3 COMPARISON OF QUANTITATIVE RISK ESTIMATES TO BENCHMARK CRITERIA

In order to interpret the quantitative risks and to aid Jisk managers in detennining the need for

remediation at a site, quantitative Jisk estimates are compared to typical benchmarks.

A HI exceeding unity (1) indicates that there may be potential noncarcinogenic health Jisks associated

with exposure. If a HI exceeds unity, target organ effects from individual COPCs contributing to the risk

are considered. Only those chemicals that impact the same target organ(s) or exhibit similar cJitical

effect(s) will be regarded as truly additive. Thus, COPCs contributing to an HI greater than 1 on the basis

of a single target organ/effect are considered to be COCs.

EPA has defined the range of 1 x 10'4 to 1 X 10.6 as the incremental cancer risk (ICR) "target range" for

most hazardous waste facilities evaluated. Cumulative ICRs greater than 1 x 10.4 generally indicate that

EPA will require some degree of remediation, and ICRs below 1 x 10.6 nonnally will not require that EPA

initiate remedial efforts. Whenever ICRs fall between 1 x 10'4 to 1 X 10'6, decisions for remediation will be

made on a case-specific basis. Individual chemicals contributing significantly to Jisks above the target

range are considered to be chemicals of concern (COCs). In addition, RIDEM has defined a threshold of

1 X 10'5 as the incremental cancer risk (lCR) for consideration for remediation. Both benchmarks will be

referenced in the discussion of risk characteJization at the OFFTA site.

Potential RME and CTE hazard indices and RME and CTE cancer risks were estimated for future

potential receptors. The following sections present a summary of the results of the estimation of Jisk at

areas/media of concern at the OFFTA site.

Receptor risks are presented for each media of concern in the fonn of tables and summary text. Each of

these sections includes summaries of risks estimated by the exposure scenarios. It should be noted that,

in each risk summary table where HQs are reported as "N/A", the HQs were not calculable because no
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RID has been established. Usually in such cases, carcinogenicity is considered to be more important,

since carcinogenicity will generally be seen at lower doses than noncarcinogenic effects. Cancer risks

that are reported as "N/A" generally indicate that the chemical is not carcinogenic or that an SF has not

yet been developed.

5.4 SITE-SPECIFIC NONCARCINOGENIC RISKS

Site-specific noncarcinogenic risks were estimated for potential future receptors at the OFFTA site.

These risks are discussed below and presented on Tables 5.1,5.2,5.4, and 5.5 (RAGs 0 Tabie 9's).

RME Risks

The estimated RME HI for a residential child at the OFFTA site exceeded 1.0 (Table 5-1), which by itself

is not an indicator of unacceptable risk but rather is a criterion for requiring that noncancer risks should be

added separately for chemicals affecting the same target organ. When risks were segregated by target

organ, the target organs exceeding 1.0 and the principal COPCs contributing to noncancer risk were:

CNS (HI of 43 - manganese), skin and vascular system (HI of 12.4 - arsenic), kidney (HI of 2.7 - barium,

cadmium, chromium, and dibenzofuran), weight loss (HI of 2.3 - naphthalene and 2-methylnaphthalene,

and blood (HI of 1.3 - benzene and zinc).

The estimated RME HI for a residential adult at the OFFTA site exceeded 1.0 (Table 5-2). When risks

were segregated by target organ, the target organs exceeding 1.0 and the principal COPCs contributing

to noncancer risk were: CNS (HI of 15.1 - manganese), skin and vascular system (HI of 4.6 - arsenic),

respiratory tract (HI of 3.4 - naphthalene), and blood (HI of 1.1 - benzene primary contributor).

CTE Risks

The estimated CTE HI for a residential child at the OFFTA site exceeded 1.0 (Table 5-4), which by itself is

not an indicator of unacceptable risk but rather is a criterion for requiring that noncancer risks should be

added separately for chemicals affecting the same target organ. When risks were segregated by target

organ, the CNS was the only target organ associated with an HI exceeding 1.0 (HI of 8.7 - manganese).

The estimated CTE HI for a residential adult at the OFFTA site exceeded 1.0 (Table 5-5). When risks

were segregated by target organ, the CNS was the only target organ associated with an HI exceeding 1.0

(HI of 3.4 - manganese).

W52012S7DF 5-3 eTO 282



5.5 SITE-SPECIFIC CANCER RISKS

DRAFT FINAL

Site-specific cancer risks were estimated for potential receptors at the OFFTA site. These risks are

discussed below and presented on Tables 5.1 through 5.6 (RAGs 0 Table 9's).

RME Risks

The estimated RME ICR for a child resident exposed to groundwater at OFFTA site was 4.9 x 10'4 (see

Table 5-1 for contribution from ingestion/dermal absorption). The ICR exceeded EPA's target risk range

of 1 x 10.4 to 1 x 10'"' The primary contributors to the cancer risk were arsenic via ingestion (lCR =4.8 x

10'4) and benzene via ingestion (ICR = 1.2 x 10'5).

The estimated RME ICR for an adult resident exposed to groundwater at OFFTA site was 7.3 x 10'4 (see

Table 5-2 for contribution from ingestion/dermal absorption and inhalation of VOCs during showering).

The ICR exceeded EPA's target risk range of 1 x 10.4to 1 x 10'"' The primary contributors to the cancer

risk were arsenic via ingestion (ICR = 7.0 x 10'4) and benzene via inhalation (ICR = 1.1 x 10'') and

ingestion (ICR =1.7 x 10'').

The estimated RME incremental cancer risk (lCR) for a lifetime resident exposed to groundwater at

OFFTA site was 1.2 x 10.3(see Table 5-3 for contribution from ingestion/dermal absorption and inhalation

of VOCs during showering). The ICR exceeded EPA's target risk range of 1 x 10'4 to 1 X 10'6. The

primary contributors to the cancer risk were arsenic via ingestion (ICR = 1.2 x 10'3) and benzene via

inhalation (ICR = 1.1 x 10'') and ingestion (ICR = 2.9 x 10'').

CTE Risks

The estimated CTE ICR for a child resident exposed to groundwater at OFFTA site was 1.0 x 10,5 (see

Table 5-4 for contribution from ingestion/dermal absorption). The ICR is within EPA's target risk range of

1 x 10.4to 1 x 10'6 and is equal to the 1 x 10.5 RIDEM criterion. The primary contributor to the cancer risk

was arsenic via ingestion (ICR =9.2 x 10.6).

The estimated CTE ICR for an adult resident exposed to groundwater at OFFTA site was 1.6 x 10.5(see

Table 5-5 for contribution from ingestion/dermal absorption and inhalation of VOCs during showering).

The ICR is within EPA's target risk range of 1 x 10,4 to 1 x 10.6, but exceeds the 1 x 10.5 RIDEM criterion.

The primary contributor to the cancer risk was arsenic via ingestion (ICR = 1.4 x 10'5).
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The estimated CTE ICR for a lifetime resident exposed to groundwater at OFFTA site was 2.6 x 10.5 (see

Table 5-6 for contribution from ingestion/dermal absorption and inhaiation of VOCs during showering).

The ICR is within EPA's target risk range of 1 x 10'4 to 1 x 10.6, but exceeds the 1 x 10.5 RIDEM criterion.

The primary contributors to the cancer risk were arsenic via ingestion (iCR =2.4 x 1O'~ and benzene via

ingestion (iCR = 1.2 x 10'6).

5.6 BLOOD-LEAD RISK CHARACTERIZATION

Blood-lead leveis resulting from groundwater exposure in residential children (age 1 - 6) were estimated

using the Integrated Exposure and Uptake Biokinetic (IEUBK) Model (version 0.99) developed by EPA

(EPA, 1994a). The model is applied using the EPCs in each applicable medium of concern where lead was

selected as a COPC at the OFFTA site. See the site specific EPC tables for specific lead values 

groundwater EPCs in Table 2-1 in this report and soil EPCs in Tables and in the previous RI for OFFTA

(TtNUS, 2000).

The output of the IEUBK Model is a histogram that presents the estimated percentage of children with a

blood-lead level above 10 !-'g/dl (considered to be the threshold significance level above which adverse

effects cannot be ruled out). When the percentage of the population estimated to have blood-levels above

10 !-'g/dl is greater than five percent, then EPA considers the potential for adverse effects to be significant

(EPA, 1994c). These histograms, along with input information particular to each run of the IEUBK model,

are presented in Figures 5.1 and 5.2 and in Tables 5.7 and 5.8. Uncertainties associated with the IEUBK

model are discussed in Section 6.4.

5.6.1 Exposure to Lead in Groundwater and Surface Soil

lead was selected as a COPC in groundwater (EPC of 207 !-,g/l) and surface soil (EPC of 49.7 mg/kg).

The estimated percentage of children exposed to groundwater and surface soil that are predicted to

exhibit a blood lead level above 10 !-'g/dl is 72.7 percent (Figure 5-1 and Table 5-7). This exceeds EPA's

protective level cutoff of 5 percent and indicates that adverse effects to residential children under these

conditions cannot be ruled out.

The majority of blood lead risk is attributable to exposure to groundwater rather than surface soil, as the

groundwater concentration exceeded by more than an order of magnitude the lead screening level that is

based on the 15 !-'g/l MCl, while the soil concentration was almost an order of magnitude less than the

OSWER 400 mg/kg screening level that is associated with a blood lead risk near the 10 !-'g/dl threshold

for 5 percent of the population.
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lead was selected as a COPC in groundwater (EPC of 207 1"9/l) and subsurface soil (EPC of 507

mg/kg). The estimated percentage of children exposed to groundwater and subsurface soil that are

predicted to exhibit a blood lead level above 10 1"9/dl is 83.8 percent (Figure 5-2 and Table 5-8). This

exceeds EPA's protective level cutoff of 5 percent and indicates that adverse effects cannot be ruled out

from lead exposure to residential children under these conditions.

In this combined exposure scenario, the majority of blood lead risk is attributable to exposure to

groundwater rather than to subsurface soil. Note that the groundwater concentration exceeded by more

than an order of magnitude the MCl-based groundwater screening level, in contrast to the subsurface

soil concentration, which exceeded the screening level by only 25 percent. The conclusion that

groundwater rather than soil is the main risk driver for lead when dealing with combined exposures is also

evident when one compares the relative blood lead risks of the two exposure scenarios -- 72.7 percent of

children would exhibit elevated blood lead levels from groundwater exposure in combination with

exposure to surface soil having minimal lead concentrations, while only a marginal further increase in

lead risk (from 72.7 percent to 83.8 percent) would occur in the case of exposure to much higher lead

concentrations found in subsurface soil, which were an order of magnitude greater than concentrations in

surface soil.
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6.0 UNCERTAINTY ANALYSIS

The goal of the uncertainty analysis Is to identify important uncertainties and limitations associated with

the groundwater risk evaluation. As discussed in EPA (1989), the risk measures used in Superfund site

risk evaluations are not fully probabilistic estimates of risk, but rather are conditional estimates based on

a considerable number of assumptions about exposure and toxlc~y. There are uncertainties associated

with each aspect of risk evaluation, from environmental data collection through risk characterization.

6.1 UNCERTAINTIES ASSOCIATED WITH DATA COLLECTION/EVALUATION

Major uncertainties associated with data collection/evaluation are highlighted below.

6.1.1 Selection of Well Locations and Groundwater Sampling Timeframe

The location of the monitoring well sampling points and the timeframe covered by the sampling rounds

can Impact the selection of COPCs, the calculation of EPCs, and consequently the risks estimated for a

site. Generally, sample collection shouid include areas that contain the most significant contamination

and should span a timeframe that is representative of current conditions in the groundwater plume. For

this risk evaluation, one round of groundwater sampling data was used, consisting of 13 samples

collected in 1997. Using only these data, the risk evaluation cannot document whether concentrations of

VOCs in groundwater are gradually Increasing or degreasing over time. Other rounds of data were

generated prior to 1997 and groundwater contamination was evaluated and discussed in earlier reports

(Brown & Root, 1994).

6.1.2 Data Collection Impacts on Selection of COPCs

Too few upgradlent samples were collected to perform meaningful statistical background comparison

tests, which precluded using background comparisons to eliminate COPCs in groundwater. Additional

background monitoring wells might have been useful to demonstrate whether site-related concentrations

of some inorganics are not elevated above background. A qualitative comparison of inorganic analytes

found in the two background monitoring wells versus site monitoring wells is presented in Table 6-1.

Descriptive statistics (mean, minimum, maximum, frequency of detection) were evaluated for similarity

between the site-related monitoring wells versus the two background wells. Several metals were

suggested to be elevated in site-related wells. Arsenic, cadmium, and lead were not detected in

background wells and manganese and barium exhibited sUbstantially greater maximum and mean

detected levels in the site-related data set.
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Of the inorganic substances found to be primary contributors to cancer or noncancer risks (arsenic,

barium, cadmium, chromium, lead, and manganese), oniy chromium was simiiar in mean concentration

among site and background data sets. If additional background data for groundwater had been available,

then it might have been possible to conclude that chromium concentrations on-site are consistent with

background concentrations. This would have eliminated chromium as one of the groundwater noncancer

risk drivers for the target organ kidney for a residential child. !riowever, chromium was not the most

significant contributor among non cancer risk drivers for groundwater and the kidney and other target

organs would still exhibit noncancer risks exceeding the benchmark HI of 1.0.

6.1.3 Data Collection Impacts on EPCs and Risks

Collecting only one round of samples for groundwater can impact the calculation of EPCs. According to

Region I EPA guidance, the RME EPC for any COPC in groundwater is based on data associated with

the well displaying the highest level of contamination for that compound. The RME EPC is calculated as

the average concentration for that well, considering all sampling rounds. Therefore, if only one round of

sampling is considered, as is the case for the OFFTA site, this approach equates to using the maximum

detected value for each COPC. This introduces uncertainty because a more representative concentration

for any particular well could have been calculated if more than one round of sampling data were to be

used to estimate the average concentration for that well.

Data collection involved sampling a total of 13 on-site groundwater wells, with only two out of 13 wells

revealing detectable levels of the primary cancer risk drivers benzene (detected in MW101 and MW102)

and arsenic (found in MW101 and MW3S). Similarly, the noncarcinogenic risk drivers naphthalene and

2-methylnaphthalene were also only found in two wells (MW101 and MW102). These low frequencies of

detection for the primary risk driver compounds suggests that the use of the maximum detected value as

the RME EPC yields exposure estimates that are biased high and not representative of average

groundwater conditions throughout the majority of the site. Therefore, RME cancer and noncancer risks

associated with future residential exposure to groundwater may be overestimated across the majority of

the OFFTA site for benzene, naphthalene, and 2-methylnaphthalene. In contrast, CTE risks, which are

based on the average detected concentration, are considered more representative of conditions across

most of the site.

For manganese, groundwater concentrations exceeded risk-based screening levels across the board,

and associated noncancer risks would be significant whether based on the average manganese

concentration detected in all wells (as presented for CTE risks in Table 5-4) or the maximum detected

concentration (as presented for RME risks in Table 5-1).
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Established data validation procedures were applied to define analytical uncertainties in terms of

qualifying data as inaccurate or imprecise and to eliminate data points that are unusable for risk

evaluation. This treatment does not eliminate all uncertainty but focuses attention on potential areas of

concern regarding accuracy, precision, and data gaps. Validatioo was conducted by Navy contractors

(TtNUS - Phase III) using EPA Region I and National Guidance.

6.1.5 Uncertainties in Risk-Based Screening Levels

The risk-based screening criteria account only for exposure to tap water ingestion and VOC inhalation

from various uses of household water. This method does not account for dermal exposure and is not an

accurate method for estimating VOC inhalation during showering; therefore, use of these screening levels

might lead to the selection of too few COPCs. However, this problem is unlikely to have led to elimination

of too many COPCs because a conservative 1a-fold safety factor was used to adjust screening levels for

noncarcinogens (derived from a target Hazard Index of 0.1), and carcinogens used a target risk of

1 x 10.6, which is at the lower end of the acceptable risk range of 1 x 10-6 to 1 x 10".

6.2 UNCERTAINTIES ASSOCIATED WITH EXPOSURE ASSESSMENT

This section identifies and quantifies, to the extent possible, the uncertainties associated with the

exposure assessment for the site. The potential areas of uncertainty include the selection of current and

anticipated future land uses, selection of exposure pathways, calculation and modeling of EPCs, and the

selection of specific receptors and exposure parameters.

Residential tap water ingestion and household bathing/showering are impractical future exposure

scenarios at the OFFTA site because of the current groundwater classification, high salinity of

groundwater at the site and the availability of nearby alternative potable water supplies. However,

institutional controls might be advisable to restrict other types of contact with groundwater - for example,

to prevent contact with groundwater associated with lawn or garden sprinklers, car washing, swimming

pools, etc.

To generate an upper bound estimate of risks from all potential uses of groundwater, a standard

residential scenario was used because the degree of exposure to contaminants from this scenario would

be greater than with other exposure scenarios. In this manner, the risk evaluation yielded standards for

protectiveness that are assured to encompass the full range of possible exposures that might occur at the

site.
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Although cancer and noncancer risks were found to be notable under the unrealistic assumption of

hypothetical household use of groundwater, there is actually a very low likelihood of significant risks

occurring in association with outdoor watering, car washing, and swimming, which are the only plausible

future receptor activity patterns involving use of groundwater. This is because daily drinking water

ingestion and not dermal contact or inhalation were shown to be the primary exposure pathways

contributing to the majority of groundwater risks under a residential exposure scenario. In contrast,

plausible future activities at the OFFTA site would involve only sporadic incidental water ingestion 

including an intake rate of at least 1DO-fold smaller than that assumed for drinking water consumption.

This would result in proportionately lower ingestion risks (1 DO-fold lower) relative to those in Table 5-1

and Table 5-3, yielding His generally less than 1.0 and lifetime cancer risks approximately 1.2 x 10-5,

which is within the acceptable risk range used by EPA.

Other exposure pathways would also be unlikely to generate significant risks in association with plausible

future receptor activity patterns. As shown in Table 5-1 and Table 5-3, the dermal exposure pathway for

household water use yielded no significant carcinogenic risks and displayed significant noncancer risks

only for manganese (HQ = 4.2) and naphthalene and 2-methylnaphthalene (combined target organ HI for

weight loss of 1.1). However, given that future exposures would be unlikely to involve whole-body dermal

contact on a daily basis throughout the year, any plausible exposure scenario would invoive either a

dermal exposure frequency or a dermal contact surface area that was at least 4-fold smaller. In such a

case, dermal risks would be proportionately lower than those estimated for the residential household

water use scenario, and would yield noncancer risks having an HI of less than 1.0, the threshold below

which adverse effects are not anticipated. Therefore, occasional outdoor dermal contact with

groundwater, even for an extended period of time, would not be expected to yield unacceptable risks at

the OFFTA site.

With respect to the inhaiation pathway, a cancer risk of 7.8 x 10-5 from residential showering exceeds

RIDEM's 1 x 10-5 benchmark. However, a more plausible scenario would be limited to exposures to

unheated water sprayed outdoors, with rapid dispersion of volatiles from an unconfined space rather than

concentration of vapors within a shower stall. Exposure to VOC vapors under such conditions would yield

an inhalation intake more than one order of magnitude smaller than that estimated for residential

showering, resulting in a proportionately lower cancer risk that would fall within' EPA's and RIDEM's

acceptable risk range.

There are limitations to using various models and/or equations to estimate exposure doses or

contaminant concentrations.
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Uncertainties associated with the lack of modeiing future groundwater concentrations at the site inciude

the assumption that current conditions are indicative of future concentrations of contaminants.

Contaminants may increase (due to leaching or chemical transformation) or decrease (due to migration or

transformation) over time and vary from area to area.

Prediction of absorption rates for lipophiiic compounds is difficult due to, among other reasons, the

possibility of a second absorption pathway that depends on the lipid content of the stratum corneum at

the appiication site. Experimental determination of absorption rates indicates that interspecies

differences are considerable, which, aiong with other variability's related to condition and age of skin,

differences in lag time, and site of application effects, yields appreciable uncertainty in estimated dermal

exposures by using pubiished chemical-specific permeation functions. In addition, literature data indicate

a variation by as much as a factor of 300 in chemical absorption rates for skin in different anatomical

areas of the body. It should also be noted that children generally have greater absorption rates than

adults.

6.3

6.3.1

UNCERTAINTIES ASSOCIATED WITH TOXICITY ASSESSMENT

RIDs and SFs

There is uncertainty associated with the RIDs and SFs. The uncertainty results from the extrapolation of

animal data to humans, the extrapolation of carcinogenic effects from the laboratory high-dose to the

environmental low-dose scenarios, and interspecies and intraspecies variations in toxicological endpoints

caused by chemical exposure. The use of EPA RID values is generally considered to be conservative

because the doses are based on no-effect or lowest-observed-effect levels and then further reduced with

uncertainty factors to increase the margin of safety by a factor in the neighborhood of 10 to 1,000-fold.

The RIDs and SFs of some chemicals have not been estabiished, and therefore toxicity could not be

quantitativeiy assessed. In most cases, where RIDs were unavailable for carcinogens, the carcinogenic

risk is considered to be much more significant since carcinogenic effects usually occur at much lower

doses.

The uncertainty associated with the dermal exposure is high because of the derivation of the dermal

slope factor and reference dose. The dermal toxicity factors are based on default oral absorption factors.

This can result in an overestimation of the toxicity factors. In general, dermal exposures at OFFTA site

did not drive the carcinogenic or noncarcinogenic risks, therefore, the effects of this uncertainty are

expected to be minimal.
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As discussed in Section 4.2, established RfDs have an inherent amount of uncertainty. Uncertainty

factors for RfDs used in this risk evaluation are presented on Tables 4.1 and 4.2. Some chemical specific

uncertainties should be noted as follows:

• Although the accepted basis for evaluating risk associated with exposure to arsenic is to assume

it is a carcinogen, there is uncertainty whether carcinogenic effects are the primary health effects

expected to be manifested upon exposure to arsenic. There is some scientific infomnation to

indicate that humans are capable of metabolizing arsenic to expedite its elimination from the body

(ATSDR, 1988). [Specifically, the body methylates the arsenic to fomn monomethyl arsenic and

dimethyl arsenic]. There is a limited capacity for the body to metabolize methylate arsenic, but

this limit is generally reached when the body's intake of arsenic approximately exceeds 500

!Jg/day. Generally, concentrations of arsenic in groundwater at OFFTA site would be expected to

correspond to levels that are well within the body's ability to metabolize arsenic. On the other

hand, arsenic has been associated with a variety of cancers in epidemiological studies. This

adds to the uncertainty regarding carcinogenic risks associated with arsenic exposure.

• In nature, chromium (III) predominates over chromium (Vi) (Langard and Norseth 1986). Littie

chromium (VI) exists in biological materials, except shortly after exposure, because reduction to

chromium (Ill) occurs rapidly. Toxicity criteria are available for two different forms of chromium,

the trivalent state and the hexavalent state; the latter is considered to be more toxic. No

chromium speciation was perfomned at the OFFTA site, therefore, it was conservatively assumed

that chromium is present in the hexavalent fomn. This could tend to overestimate the

noncarcinogenic risks at the site.

• Quantitative risks were not calculated for aluminum, cobalt, copper, and iron because these

metals do not have accepted toxicity values for use in quantitative risk evaluation. Their

concentrations in groundwater at the OFFTA Newport site do not exceed risk-based screening

criteria [derived from provisional RfDs developed by the EPA National Center for Environmental

Assessment (NCEA)] as listed in the EPA Region IX PRG table (EPA, 2000a). Therefore, the

uncertainty from lack of toxicity factors for aluminum, cobalt, copper, and iron is not expected to

result in underestimation of potential human health risks at the OFFTA Newport site.

• 2-Methylnaphthalene and phenanthrene were detected in groundwater. Although published RfDs

were not available for these substances, surrogate screening values were adopted using other

PAH compounds with published RfD values (naphthalene .and fluoranthene, respectively).

Phenanthrene was found to be present below screening levels and so was not selected as a

COPC. 2-Methylnaphthalene was present at a concentration exceeding the screening level;
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therefore, risks associated with this compound were estimated using the RID for the surrogate

compound naphthalene. 2-Methylnaphthalene is an appropriate surrogate compound because it

is structurally very similar to naphthalene. Accounting for potential noncancer risks in this manner

reduces the chance of underestimating risks from compounds without published toxicity factors.

6.4 UNCERTAINTIES ASSOCIATED WITH LEAD RISK CHARACTERIZATION

The IEUBK model accounts for the multimedia nature of lead exposure, incorporates absorption and

pharmacokinetic information, and allows the risk manager to consider the potential distributions of exposure

and risk likely to occur at a site (the model goes beyond providing a single point estimate output). Although

uncertainties are associated with blood lead modeling using the IEUBK model, these uncertainties are

considered lower than those that conceivably would result from similar lead evaluations performed using a

traditional toxicity slope-based approach. Important uncertainties and limitations in the use of the IEUBK

model are listed below.

The IEUBK model uses a default of 30 percent lead absorption from soil. However, the bioavailability of

lead from different sources may be variable due to differences in lead speciation, particle size, and mineral

matrix and may also vary as a function of physiological parameters such as age, nutritional status, gastric

pH, and transit time. For example, lead absorption from paint chips in soil may be different than lead

absorption from other chemical forms.

Blood lead variability In the IEUBK model is characterized by a single number, the geometric standard

deviation, which is set to a default value of 1.6. This value represents the aggregate uncertainty in all

sources of population variability, including biological, uptake, exposure, sampling, and analytical

components.

Child blood lead level predictions obtained using the IEUBK model reflect only the contributions of sources

entered into the model and do not take into account any existing body burden that may be the result of prior

exposures or any exposures that may have taken place at alternate locations away from the household or

neighborhood level, such as parks or daycare centers.
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7.0 SUMMARY

This section summarizes the groundwater risk evaluation for OFFTA site. The groundwater risk evaluation

for the OFFTA site considered potential exposures to residents (future exposures to children, age 1 - 6,

and adults). Residential tap water ingestion and household bathing/showering are impractical future

exposure scenarios at the OFFTA site because of the grourtdwater ciassification, high salinity of

groundwater at the site and the availabiiity of nearby alternative potable water supplies. However, if the

site were released for unrestricted residential' use, other types of future residential contact with

groundwater are conceivable - for example, contact with groundwater associated with lawn or garden

sprinklers, car washing, swimming pools, etc.

To generate an upper bound to risks from all potential uses of groundwater, a standard residential

scenario was applied because the degree of exposure to contaminants from this scenario would be

greater than with other exposure scenarios. In this manner, the risk evaluation can be used to generate

standards for protectiveness that are assured to encompass the full range of possible exposures that

might occur at the site. However, it is likely that the groundwater risk evaluation overestimated the

probable risks associated with these secondary residential exposure pathways because tap water

ingestion, residential bathing, and residential showering are associated with greater contact and uptake of

contaminants than with other activities.

7.1 RME NONCANCER RISKS

The estimated RME HI for a residential child at the OFFTA site exceeded the acceptable level of 1.0. The

target organs exceeding 1.0 and the principal COPCs contributing to noncancer risk were: CNS

(manganese), skin and vascular system (arsenic), kidney (barium, cadmium, chromium, and

dibenzofuran), weight loss (naphthalene and 2-methylnaphthalene, and blood (benzene and zinc).

The estimated RME HI for a residential adult at the OFFTA site also exceeded the acceptable level of 1.0

(target organs and principal COPCs contributing to noncancer risk were a subset of those for child risks).

Although noncancer risks were found to be notable under the unrealistic assumption of hypothetical

household use of groundwater, there is actually a very low likelihood of significant risks occurring in

association with outdoor watering, car washing, and swimming, which are the only plausible future

receptor activity patterns involving use of groundwater. This is because drinking water ingestion

contributed the majority of noncancer risk under a residential groundwater exposure scenario, while

plausible future scenarios would involve only sporadic incidental water ingestion - including an intake rate

of at least 1DO-fold smaller than that assumed for drinking water consumption. This would result in
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proportionately lower ingestion risks (1 DO-fold lower) relative to those presented for a residential exposure

scenario, yielding His generally less than 1.0.

Other exposure pathways would also be unlikely to generate significant risks in association with plausible

future receptor activity patterns. Given that future exposures would be unlikely to involve whole-body

dermal contact on a daily basis throughout the year, any plausible <exposure scenario would involve either

a dermal exposure frequency or a dermal contact surface area that was at least 4-fold smaller than those

estimated for the residential household water use scenario, and would yield noncancer risks having an HI

of less than 1.0, the threshold below which adverse effects are not anticipated.

Of the inorganic substances found to be primary contributors to noncancer risks (arsenic, barium,

cadmium, chromium, and manganese), only chromium was similar in mean concentration among site and

background data sets. If additional background data for groundwater had been available, then it might

have been possible to conclude that chromium concentrations on-site are consistent with background

concentrations.

The low frequencies of detection (two out of 13 on-site wells) for three compounds contributing to

noncancer His exceeding 1.0, benzene, naphthalene, and 2-methylnaphthalene, suggests that the use of

the maximum detected value as the groundwater EPG yields exposure estimates that are biased high and

not representative of average groundwater conditions throughout the majority of the site. Therefore, RME

noncancer risks associated with future residential exposure to groundwater may be overestimated across

the majority of the OFFTA site for benzene, naphthalene, and 2-methylnaphthalene. In contrast, GTE

risks, which are based on the average detected concentration, are considered more representative of

conditions across most of the site.

7.2 CTE NONCANCER RISKS

The estimated GTE HI for a residential child at the OFFTA site exceeded the acceptable level of 1.0. The

GNS was the only target organ associated with an HI exceeding 1.0 (manganese). The estimated GTE

HI for a residential adult at the OFFTA site also exceeded the acceptable level of 1.0.

7.3 RME CANCER RISKS

The estimated RME IGRs for a child resident, an adult resident, and a lifetime resident exposed to

groundwater at OFFTA site exceeded EPA's target risk range of 1 x 10.4 to 1 X 10'6. The primary

contributors to these cancer risks were arsenic via ingestion and benzene via inhalation and ingestion.
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Although cancer risks were found to be notable under the unrealistic assumption of hypothetical

household use of groundwater, there is actually a very low likelihood of significant risks occurring in

association with outdoor watering, car washing, and swimming, which are the only plausible future

receptor activity patterns involving use of groundwater. This is because drinking water ingestion

contributed the majority of cancer risk under a residential groundwater exposure scenario, while plausible

future scenarios would involve only sporadic incidental water ingestion - including an intake rate of at

least 1DO-fold smaller than that assumed for drinking water consumption. This would result in

proportionately lower ingestion risks (1 DO-fold lower) relative to those presented under a residential

exposure scenario, yielding lifetime cancer risks approximately 1.2 x 10.5, which is within the acceptable

risk range used by EPA.

With respect to the Inhalation pathway, a cancer risk of 7.8 x 10.5 from residential showering exceeds

RIDEM's 1 x 10.5 benchmark. However, a more plausible scenario would be limited to exposures to

unheated water sprayed outdoors, with rapid dispersion of volatiles from an unconfined space rather than

concentration of vapors within a shower stall. Exposure to VOG vapors under such conditions would yield

an inhalation intake more than one order of magnitude smaller than that estimated for residential

showering, resulting in a proportionately lower cancer risk that would fall within EPA's and RIDEM's

acceptable risk range.

The low frequencies of detection (two out of 13 on-site wells) for benzene, one of the compounds

associated with significant cancer risk, suggests that the use of the maximum detected value as the

groundwater EPG yields exposure estimates that are biased high and not representative of average

groundwater conditions throughout the majority of the site. Therefore, RME cancer risks associated with

future residential exposure to groundwater may be overestimated across the majority of the OFFTA site

for benzene. In contrast, GTE risks, which are based on the average detected concentration, are

considered more representative of conditions across most of the site.

7.4 CTE CANCER RISKS

The estimated GTE IGR for a child resident exposed to groundwater at OFFTA site was within EPA's

target risk range of 1 x 1D" to 1 x 10'6, and equals the 1 x 10.5 RIDEM criterion. The primary contributor to

the cancer risk was arsenic via ingestion.

The estimated GTE IGR for an adult resident exposed to groundwater at OFFTA site was within EPA's

target risk range of 1 x 1D" to 1 x 10'6, but exceeds the 1 x 10.5 RIDEM criterion. The primary contributor

to the cancer risk was arsenic via ingestion.
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The estimated CTE ICR for a lifetime resident exposed to groundwater at OFFTA site was within EPA's

target risk range of 1 x 10.4 to 1 x 10-6
, but exceeds the 1 x 10-5 RIDEM criterion. The primary

contributors to the cancer risk were arsenic via ingestion and benzene via ingestion.

7.5 BLOOD-LEAD RISK CHARACTERIZATION

Blood-lead levels resulting from groundwater exposure in residential children (age 1 - 6) were estimated

using the Integrated Exposure and Uptake Biokinetic (IEUBK) Model (version 0.99) developed by EPA

(EPA, 1994a). When the percentage of the population estimated to have blood-levels above 10 i-'9/dL is

greater than five percent, then EPA considers the potential for adverse effects to be significant (EPA,

1994c). The estimated percentage of children exposed to groundwater and surface soil that are predicted to

exhibit a blood lead level above 10 i-'g/dL is 72.7 percent, which exceeds EPA's protective level cutoff of 5

percent and indicates that adverse effects to residential children under these conditions cannot be ruled out.

The estimated percentage of children exposed to groundwater and subsurface soil that are predicted to

exhibit a blood lead level above 10 i-'9/dL is 83.8 percent, which also exceeds EPA's protective level cutoff

of 5 percent.

In this combined exposure scenario, the majority of blood lead risk is attributable to exposure to

groundwater rather than to surface or subsurface soil. The conclusion that groundwater rather than soil is

the main risk driver for lead when dealing with combined exposures is evident when one compares the

relative blood lead risks of the two exposure scenarios -- 72.7 percent of children would exhibit elevated

blood lead levels from groundwater exposure in combination with exposure to surface soil having minimal

lead concentrations, while only a marginal further increase in lead risk (from 72.7 percent to 83.8 percent)

would occur in the case of exposure to much higher lead concentrations found in subsurface soil, which

were an order of magnitude greater than concentrations in surface soil.
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TABLE 2~1

OCCURRENCE, DISTRIBUTION AND SELECTiON OF CHEMICALS OF POTENTIAL CONCERN IN GROUNDWATER
OLD FIRE FIGHTING TRAINING AREA ~ GROUNDWATER RISK EVALUATION

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Scenario Timeframe: Future
Medium: Groundwater
Exposure Medium: Groundwater
Exoosure Point Contact with tan water

OAS Chemical Minimum (1) Minimum Maximum (1) Maximum Units location Detection Range of Concentration Screening (3) Potential Potential COPC Rationale for (4)
Number Concentration Qualifier Concentration Qualifier of Maximum Frequency Detection Used for Toxicity Value ARARrrBC ARARrrBC Flag Contaminant

Concentration limits Screening Value Source Deletion
or Selection

7429-90-5 Aluminum 645 J 13000 J ug/L OFF-A-MW3S-01 6113 14.3-564 13000 a N y NTX
7440-38-2 Arsenic 44.5 49.8 ug/L OFF-A-MW3S-01 2/13 1.8-6.9 49.8 0.045 0 50 MOL Y ASl
7440-39-3 Barium 5.3 390 ug/L OFF-A-MW102-01 12113 3.5-3.6 390 260 N 2000 MOL Y ASl
7440-43-9 Cadmium 2.4 J 3.4 J ug/L OFF-A-MW3S-01 3/13 0.19-0.52 3.4 1.8 N 5 MOL Y ASl
7440-70-2 Calcium 16200 J 281000 J ug/L OFF-A-MW2S-01 13/13 NfA 281000 0 N N NUT
7440-47-3 Chromium 3.2 39.9 ug/L OFF-A-MW11 R-01 12113 1.3-1.3 39.9 11 N 100 MOL Y ASl
7440-48-4 Cobalt 6.1 87 ug/L OFF-A-MW7S-01 9f13 0.94-3.8 87 0 N Y NTX
7440-50-8 Copper 13.6 J 166 J ug/L OFF-A-MW3S-01 4/13 1.4-12.3 166 0 N 1300 (TT) MOL y NTX
7439·89·6 Iron 934 J 129000 J ug/L OFF-A-MW3S-01 12/13 183-187 129000 0 N y NTX
7439·92-1 Lead 1.6 J 207 J ,gIL OFF-A-MW3S-01 10/13 1.4-1.4 207 15 0 15{TT) MOL Y ASl
7439-95-4 Magnesium 11100 J 718000 J ,gIL OFF-A-MW2S-01 13/13 NfA 718000 0 N N NUT
7439-96-5 Manganese 396 J 12500 J ,gIL OFF-A-MW4S-01 13113 NfA 12500 88 N y ASl
7439-97-6 Mercury 0.02 J 0.24 ,gIL OFF-A-MW3S-01 3113 0.01.Q.01 0.24 0.36 N 2 MOL N BSl
7440-09-7 Potassium 5700 J 258000 J ,gIL OFF-A-MW2S-01 13/13 NfA 258000 0 N N NUT
7440-22-4 Silver 0.82 J 1.9 J ,gIL OFF-A-MW11S·01 2/13 0.82-6.5 1.9 18 N N BSl
7440-23-5 Sodium 39300 J 5960000 J ,gIL OFF-A-MW2S..Q1 12/13 1010000-1010000 5960000 0 N N NUT
7440-62-2 Vanadium 0.59 J 37.5 ,gIL OFF-A-MW3S..Q1 7/13 0.57-0.57 37.5 26 N Y ASl
7440-66-6 Zinc 8 J 1570 ug/l OFF-A-MW2S-01 5/13 4.8-52 1570 1100 N y ASl

91-57-6 2-Methylnaphthafene 3 J 190 ,gIL OFF-A-MW101-01 2/13 10-11 190 0.62 N y ASl
83-32-9 Acenaphthene 3 J 9 J ,gIL OFF-A-MW101-01 2/13 10-11 9 37 N - N BSl
86-74-8 Carbazole 1 J 2 J ,gIL OFF-A-MW101-01 2/13 10-11 2 3.4 0 N BSl
132-64-9 Dibenzofuran 2 J 8 J ,gIL OFF-A-MW101-01 2/13 1Q.11 8 2.4 N Y ASl

86-73-7 Fluorene 3 J 9 J ,gIL OFF-A-MW101-01 2/13 10-11 9 24 N N BSl
91-20-3 Naphthalene 11 150 ug/L OFF-A-MW101-01 2/13 10-11 150 0.62 N y ASl

85-01·8 Phenanthrene 3 J 7 J ug/L OFF-A-MW101-01 2/13 10-11 7 150 N N BSl

108-95-2 Phenol 2 J 5 J ,gIL OFF-A-MW11 R-01 2/13 10-11 5 2200 N N BSl

71-43-2 Benzene 8 J 33 ug/L OFF-A-MW102-01 2113 10-10 33 0.35 0 5 MOL Y ASl

100·41·4 Ethvlbenzene 38 38 ua/L OFF-A-MW102-01 1/13 10-10 38 130 N 700 MOL N BSl

(1) Minimum/maximum detected concentration.
(2) Due to a Iimlled size data set, background values were not used in decisions to selected COPCs and are presented for informational purposes only.
(3) Screening toxicity values obtained from EPA Region IX PRGs,
(4) Rationale Codes Selection Reason: Above Screening levels (ASL)
(TT) -- Treatment Technique requires systems to control the corrosiveness of water sup~y if more than 10% of samples exceed the listed action levels.

Deletion Reason: Essential Nutrient (NUT)
Below Screening level (BSL)
Essential Nutrient (NUT)
No Toxicity Information (NTX)



TABLE 2·2
STATISTICAL DISTRIBUTION OF COPCS IN GROUNDWATER

OLD FIRE FIGHTING TRAINING AREA· GROUNDWATER RISK EVALUATION
NAVSTA NEWPORT· NEWPORT, RHODE ISLAND

Parameter Used In ueL CalcUlation
Number 01 statistical Results of Shapfro-.Wilk or Typeol Coefficient for std. Dev. Or Mthmetic Mean Upper Maximum RME

Sample Distribution Shapiro-Francia DIstribution Tests vel HD9l (lognorm.) or log Std. Dev. or Anti-log of Confidence Limit Positive Site Exposure Polnl
Substan<:e ResUlts of Sile Data W-nomt W·!ognOfll1 W-Table Calc TC9S (Normal) Mean of Logs (Uel) on Mean Concentration Concentration
AlumInum 13 10 annal 0.4397 0.9815 0.866 M" 4.6458 1.92 307 25700 13000 13000
Arsenic 13 non arametric assumed 10 norm. 0.4786 0.612 0.866 M" 3.6939 1.45 2.01 27.3 49.8 49.8
Barium 13 ~', 0.6786 0.9835 0.866 M" 3.8728 1.5<1 27.4 508 390 390
Cadmium 13 " aramelric assumed to norm. 0.5891 0.6396 0.866 "" 3.7113 1.46 0.232 3.25 3.4 3.'
Calcium 13 ~', 0.8691 0.9538 0.866 M" 2,5942 0.847 75300 203000 281000 281000
Chromium 13 ~" Q.S543 0.9389 0.866 M" 3.1349 1.16 9,4 52.6 39.9 39.9
CObalt 13 " 0.8105 0.9282 0.666 M" 4.1037 1.66 9Al 266 87 87
Co " 13 non arametric assumed 10 norm. 0.5188 0.8529 0.866 M" 4.3287 1.77 4.98 218 166 166
Iron 13 • ormal OA034 0.9456 0.866 M" 4.2345 1.72 3110 113000 129000 129000
Lead 13 • ormal 0.4191 0.9277 0.666 M" 4.1453 1.68 4.88 149 207 207

M' eslum 13 10 orma! 0.7293 0.9166 0.866 M" 3.6423 1.43 64300 800000 718000 718000
Man anese 13 10 orma! 0.7807 0.9603 0.866 M" 3.0677 1.12 2230 11300 12500 12500
Merc 13 non arametric assumed 10 norm. 0.4868 0.5505 0.866 M" 3.54 1.38 0.00973 0.102 0.24 0.24
Potassium 13 10 orma! 0.7669 0.9314 0.866 M" 3.3897 1.3 29700 245000 258000 258000
Silver 13 non arametric assumed 10 o~. 0.738 0.8137 0.866 M" 2.3159 0.661 0.707 1.37 1.9 1.9
Sodium 13 10 orma! 0.7019 0.9275 0.866 M" 4.0119 1.61 470000 11200000 5960000 5960000
Vanadium 13 " arametric assumed 10 ~. 0.3531 0.7417 0.866 M" 3.5674 1.39 0.775 8.51 37.5 37.5
Zl" 13 • ~', 0.5932 0.8723 0.866 M" 5.1655 2.17 3M 6260 1570 1570
2·Melh na hlhalene 13 " arametric assumed 10 norm. 0.3144 0.4037 0.666 M" 2.6954 1.03 6A5 25.6 190 190
Acena hthene 13 " arametric assumed 10 ~. 0.6114 0.6603 0.866 M" 1.6501 0.227 5.1 5.91 9 9
Carbazole 13 eo arametric assumed normal 0.5589 0.5119 0.866 M" 1.7823 1.38 4.54 5.22 2 2
Oibenzofuran 13 eo arametric assumed normal 0.6573 0.5847 0.866 M" 1.7823 1.24 5.08 5.69 8 8
FlUorene 13 eo" arametric assumed 10 o~. 0.6114 0.6603 0.866 M" 1.8501 0.227 5.1 5.91 9 9

N' thalene 13 eo" arametric assumed 10 ~. 0.3262 0.4157 0.866 M" 2.7551 0.946 7 23.2 150 150
Phenanthrene 13 non aramelric assumed normal 0.6932 0.6519 0.866 M" 1.7823 0.838 5.08 5A9 7 7

Phenol 13 non arametric assumed normal 0.395 0.3531 0.866 M" 1.7823 0.855 4,81 5.23 5 5
Benzene 13 non arametric assumed 10 0.3512 0.4016 0.866 M" 2.1459 0.529 5.99 9.56 33 33
E~ enzene 13 non arametric assumed 10 ~. 0.3063 0.3063 0.866 M" 2.1873 0.563 5.84 9.77 38 38

Notes:

UnIts areug/1..
Number of sample results excltldes rejected data or blark-quallfied data. Oup~cates are considered as one resull Non-detected results are treated as present at one.half the detection limltln al calculations.
statistical distribution of data Is determined using Shaplro-1Mlk test for n <= 50, Shapiro-Francia test for n > 50. statistical significance levells 0.05.
Anormal distribution Is assumed If the test statistic W-norm. is >= than the reference valUe (W·table), andW·norm. > W-Jognorm.
A IognOffilal distribution is assumed if the test statistic W-lognorm,ls >= the reference value (W-!able), and W-Iognonn. >= W-norm. The betlerfltting distribution Is assumed il neither distribution passes Shapiro test.
Mlhmetic mean InclUdes positive detections and non-detected results (detection Umlls are divided by two).
95%UCL-H: Parameters used In UCL Calculation consist olthe H-coeffident, the standard deviation, the arithmetic mean, and the H-distribution upper 95% confidence Nmit.
95%UCl·T: Parameters used In UCl Calculation consist of the T-coefficient, the standard deviation, the arithmetic mean, and the T-o'istribution upper 95% confldence limit.
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TABLE 2-3
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY - GROUNDWATER

OLD FIRE FIGHTING TRAINING AREA - GROUNDWATER RISK EVALUATION
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Scenario TImeframe; Future
Medium: Groundwater
Exposure Medium: Groundwater
Exoosure Point: Contact with tan water

Chemical Units Arithmetic 95% ueL of Maximum Maximum EPC Reasonable Maximum Exposure Central Tendency

of Mean Norma! Detected Qualifier Units

Potential Data Concentration Medium Medium Medium Medium Medium Medium

Concern EPC EPC EPC EPC EPC EPC

Value Statistic Rationale Value Statistic Rationale
Aluminum ug/L 1480 25700 13000 J ug/L 13000 Max GW, use Max 1440 Mean-T Mean-T < Max
Arsenic ug/L 8.32 27.3 49.8 ug/L 49.8 Max GW, use Max 5.04 Mean-T Mean-T <=Max
Barium ug/L 72.9 508 390 ug/L 390 Max GW, use Max 76.5 Mean-T Mean-T <=Max
Cadmium ug/L 0.758 3.25 3.4 J ug/L 3.4 Max GW, use Max 0.587 Mean-T Mean-T <=Max
Chromium ug/L 15.2 52.8 39.9 ug/L 39.9 Max GW, use Max 17.1 Mean·T Mean-T <=Max
Cobalt ug/L 22.6 266 87 ug/L 87 Max GW, use Max 30.5 Mean·T Mean*T <=Max
Copper ug/L 27.2 218 166 J ugfL 166 Max GW, use Max 18.7 Mean·T Mean*T <=Max
Iron ug/L 13800 113000 129000 J ug/L 129000 Max GW, use Max 11000 Mean·T Mean*T <=Max
Lead ug/L 22.5 149 207 J ugfL 207 Max GW, use Max 16.2 Mean-T Mean·T <=Max
Manganese ug/L 3820 11300 12500 J uglL 12500 Max GW, use Max 3910 Mean-T Mean-T <=Max
Vanadium ug/L 3.58 8.51 37.5 uglL 37.5 Max GW, use Max 1.8 Mean-T Mean-T <=Max

linc ug/L 244 8280 1570 uglL 1570 Max GW, use Max 210 Mean-T Mean-T <=Max
2·Methylnaphthalene ug/L 19.2 25.8 190 uglL 190 Max GW, use Max 10.3 Mean-T Mean-T <=Max

Dibenzofuran ug/L 5.08 5.69 8 J uglL 8 Max GW, use Max 5.08 Mean-N Avg <= Max

Naphthalene ug/L 16.7 23.2 150 uglL 150 Max GW, use Max 10.5 Mean-T Mean-T <=Max

Benzene ug/L 7.38 9.56 33 uglL 33 Max GW, use Max 6.81 - Mean-T Mean-T <=Max

Statistics: Maximum Detected Value (Max); 95% UCL of Normal Data (95% UCL-N); 95% UCL of Log-transformed Data (95% UCl-H); Mean of Log-transformed Data (Mean-T);
Mean of Normal Data (Mean-N).



TABLE 3-1

VALUES USED FOR DAILY INTAKE CALCULATIONS - RME AND CTE RESIDENTIAL CHILD INGESTION OF GROUNDWATER

OLD FIRE FIGHTING TRAINING AREA - GROUNDWATER RISK EVALUATION

NAvsTA NEWPORT, NEWPORT, RHODE ISLAND

Scenario Tlmeframe: Future

Medium: Groundwater

Exposure Medium: Groundwater

Exposure Point Contact (via consumption 01 tap water) with Groundwater

Receptor Population: Resident

Receptor Age: Child (Age 1 to 6)

Exposure Route Parameter
Parameter Definition UnIts RME RME CT CT Intake Equation!

Code Value Rationale! Value Rationale! Model Name

Reference Reference

Ingestion CW Chemical Concentration in Water "9n See Table 3 See Table 3 See Table 3 See Table 3 Chronic Daily Intake (COl) (mglkg-day) ""

IR-W Ingestion Rate afWater liters/day 1.29 EPA, 1997 0.74 EPA, 1997 (eW x IR·Wx ET x EFx ED x CF1)f{BW x AT)

EF Exposure Frequency days/year 350 EPA,1994 350 EPA,1994

ED Exposure Duration years 6 EPA,1994 2 EPA,1994

CF1 Conversion Factor mg/ug 0.001 -- 0.001 --
BW Body Weight kg 16.6 EPA,1997 16.6 EPA,1997

AT-C Averaging Time (Cancer) days 25550 EPA,1989 25550 EPA,1989

AT-N Averaging Time (Non-Cancer) days 2190 EPA,1989 730 EPA,1989

EPA, 1989: Risk Assessment Guidance for superfund, Vol. 1: Human Health EvaluaUon Manual, Part A OERR. EPN540/1·89/002.

EPA, 1994: USEPA Region I Waste Management Division, USEPA Risk Update No.2, Aug. 1994.

EPA,1997: Exposure Factors Handbook. Volume I,Aug. 1997, EPN600/P·25/002FA

EPA, 1998: working draft, Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual, supplemental Guidance, Dermal Risk Assessment, Interim GUidance, November, 1998.



TABLE 3~2

VALUES USED FOR DAllY INTAKE CALCULATIONS - RME AND CTE RESIDENTIAL CHilD DERMAL CONTACT WITH GROUNDWATER

OLD FIRE FIGHTING TRAINING AREA ~ GROUNDWATER RiSK EVALUATION

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Scenario Tlmeframe: Future

Medium: Groundwater

Exposure Medium: Groundwater

Exposure Point: Contact (Ilia dermal absorption durin'g bathing)lIoith Groundwater

Receptor Population: Resident

Receptor Age: Child (age 1-6)

Exposure Route Parameter Parameter Definition Units RME RME eTE eTE Intake Equation!

Code Value Rationale! Value Rationale! Model Name

Reference Reference

Dermal Absorption ew Chemical Concentration in Water ug!1 See Table 3 See Table 3 See Table 3 See Table 3 Dermal Absorbed Dose (mg/kg-day) =

SA-ADJ Age·Adjusted Skin Surface Area/Body Wt. Ratio cm2-yearslkg 2682 I') 2682 1'1 CW x SA·ADJ x KP x Funetion(El) x EF x CF1 x

KP Permeability Constant (Dermal for Liquids) cm!hr Chemical·Specific EPA,2000 Chemical·Specific EPA,2000 CF2x1/AT

ET Exposure TIme hr/day 0.75 EPA,1997 0.33 EPA 1997 Where: Function(El) =Ef for inorganics, or

EF Exposure Frequency days/year 350 EPA,1994 350 EPA, 1994 2x 2.45 x (Tau x Ef 1 PI)"0.5 for organics where ET < T', or

ED Exposure Duration years 6 EPA,1994 2 EPA,1994 [ET/(1+Bl1 + Tau x (2+6B+6B"0.5)/(1+B)"0.5 for organics, ET> ro.

eFl Conversion Factor 1 mgfug 0.001 .. 0.001 -- See EPA,2000 for chemical.specific constants Tau, B, T"

CF2 Conversion Factor 2 l!cm3 0.001 .. 0.001 --
BW BodyWeight kg 16.6 EPA,1997 16.6 EPA,1997

AT-C Averaging Time (Cancer) days 25550 EPA,1989 25550 EPA,1989

AT-N Averaging Time (Non-Cancer) d,y; 2190 EPA,1989 730 EPA,1989

NotesfSources:

(a). Surtace Area represented byv.f1ole body (child age 1lhrougn 6 years). Age-adjusted term surtace area equals sum. I =1to 6, of (surface area at age i) x (1 year ED at age i) 1(body weIght at age i)

EPA, 1989. RiskAssessment Guidance for Superfund, Volume I, Human Health Evaluation Manual (Part A). EPA 540/1-89/002. Office of Emergency and Remedial Response. Washington. DC.

EPA. 1994: USEPA Region I Waste Management Division, USEPA Risk Update No.2, Aug. 1994.

EPA, 1997. Exposure Factors Handbook. Update to Exposure Faclors HandbooK. EPNSOO/8-89f043· May 1989. Office of Research and Development.

EPA, 2000; working dralt, Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual, Supplemental Guidance. Dermal Risk Assessment. Interim Guidance.

Data from EPA, 1997.



TABLE 3-3

VALUES USED FOR DAILY INTAKE CALCULATIONS - RME AND CTE RESiDENTIAL ADULT INGESTION OF GROUNDWATER

OLD FIRE FIGHTING TRAINING AREA - GROUNDWATER RISK EVALUATION

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Scenario Timeframe: Future

Medium: Groundwater

Exposure Medium: Groundwater

Exposure Point: Contact (via consumption of tap water) with Groundwater

Receptor Population: Resident

Receptor Age: Adult

Exposure Roule Parameter Parameter Definition Units RME RME CT CT Intake Equationl
Code Value Rationale! Value Rationalel Model Name

Reference Reference

Ingestion CW Chemical Concentration in Water ug/l See Table 3 See Table 3 See Table 3 See Table 3 Chronic Daily Intake (CDI) (mg/kg"day) -

IR-W Ingestion Rate of Water Iilersfday 2 EPA,1997 1.4 EPA,1997 (CW x IR~W x ET x EF x ED x CF1)/(BW xAT)

EF Exposure Frequency days/year 350 EPA,1994 350 EPA,1994

ED Exposure Duration years 24 EPA,1994 7 EPA,1994

CF1 Conversion Factor mg/ug 0.001 - 0.001 --
BW Body Weight k9 70 EPA,1997 70 EPA,1997

AT-C Averaging Time (Cancer) days 25550 EPA,1989 25550 EPA,1989

AT~N Averaging Time (Non~Cancer) days 8760 EPA,1989 2555 EPA,1989

EPA, 1989; Risk Assessment Guidance for Superfund, Vol. 1; Human Health Evaluation Manual, Part A. OERR. EPN540/1-89/002.

EPA,1994: USEPA Region I Waste Management Division, USEPA Risk Update No.2, Aug. 1994.

EPA,1997; Exposure Factors Handbook, Volume I, Aug. 1997, EPN600fP-25/002FA.



TABLE 34

VALUES USED FOR DAILY INTAKE CALCULATIONS - RME AND CTE RESiDENTIAL ADULT DERMAL CONTACT WITH GROUNDWATER

OLD FIRE FIGHTING TRAINING AREA - GROUNDWATER RISK EVALUATION

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Scenario TIme/rama: Future

Medium: Groundwater

Exposure Medium: Groundwater

Exposure Point Derma! Contact (during showering) with Groundwater

Receptor Population: Resident

Receptor Age: Adult

Exposure Route Parameter Parameter Definition Units RME RME cr cr Intake Equationl

Code Value Rationalel Value Rationalel Model Name

Reference Reference

Dermal Absorption CW Chemical Concentration in Water ug/l See Table 3 See Table 3 See Table 3 See Table 3 Derma! Absorbed Dose (DAD) (mgJ1(g-dllY) '"

CWD voe Water Cone. lost in Shower by Evaporation U9,1 See Shower Model Foster & Chros., 1987 See Shower Model Foster & Chros., 1987 (CW- CWO) xSAx KP x Flllldlon(ET)x EF xEDxCF1 x

t Exposure Time min/event 15 EPA,1997 15 EPA,1997 CF2x1/(BWxAT)

Kp PermeablJlty Coefficient cmfhr chemical-specific EPA,2000 chemical-specific EPA,2000 Where: Function(ET) =ET for inorganics, or

EV Events events/day 1 EPA,1997 1 EPA,1997 2 x 2.45 x (Tau x ET / PI)"O.5 for organics where ET < T', or

SA Skin Surface Area Available for Contact om' 18150 EPA,1997 18150 EPA,1997 [ETI(1+B)j + Tau x {2+6B+6B~O.5)1(1+B)~O.5 for organics, ET > T',

EF Exposure Frequency daysfyear 350 EPA,1994 350 EPA,1994 See EPA,2000 for chemlca~speclfic conslanls Tau, B, T'

ED Exposure Duration years 24 EPA,1994 7 EPA,1994

BW Body Weight kg 70 EPA,1997 70 EPA,1997

AT-C Averaging TIme (Cancer) d.,. 25550 EPA,1989 25550 EPA,1989

AT-N Averaging Time (Non-Cancer) d.,. 8780 EPA,1989 2555 EPA. 1989

(1) Professional Judgement.

(2) DAevent depends on exposure- and chemical-specific factors.

EPA, 1989: Risk Assessment Guidance for Superfund. VoL 1: Human Health Evaluation Manual, PartA. OERR. EPAl540!1-89/002

EPA, 1994: USEPA Region I Waste Management Division, USEPA Risk Update No.2, Aug. 1994.

EPA, 1997: Exposure Factors Handbook. Volume I, Aug. 1997, EPAl600/P-25f002FA.

EPA, 2000: working draft, Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual, Supplemental Guidance, Dermal Risk Assessment, Interim Guidance.

Foster, S, A. and P.C. Chrostowski. 1987. Inhalation Exposures to Volatile Organic Contaminants in the Shower. Presented atthe 80th Annual Meeting of the Air Po!lution Control Association. New York, NY. June.

Tb3-4 OF (Der_Adult_Resident) 3/15/02



TABLE 3-5

VALUES USED FOR DAILY INTAKE CALCULATIONS ~ RME AND CTE RESIDENTIAL ADULT INHALATION OF VOLATILES FROM GROUNDWATER

OLD FIRE FIGHTING TRAINING AREA - GROUNDWATER RISK EVALUATION

NAVSTA NEWPORT, NEWPORT RHODE ISLAND

Scenario Tlmeframe: F~ure

Medium: GrOUlldwater

Exposure Medium: Airborne Vapors

Exposure Point: rnhalalion ofVolaliles (during showering) In Groundwater

Receptor Population: Resident

Receptor Age: Adul

Exposure Route Parameter Parameier Definition Uroils 'ME 'ME eTE eTE Intake EquatiOn{

Code Value Rationalel Value Rallonalel Model Name

Reference Reference

Inhalation EF Exposure Frequency dayslyear 350 EPA,1994 350 EPA, 1994 Intake (mglkg-day)" (0 x EF x EO}!AT

ED Exposure Duralion years " EPA,1994 7 EPA,1994 See FOSler and Chrolowski, 1987

AT·C Averaging Time (Cancer) "" 25550 EPA,1989 25550 EPA,1989

AT·N Averaging Time (Non-Cancer) days 8760 EPA,1989 2555 EPA, 1989

0 Inhalalion Dose for Eacll Sliower mgti<g/shower Chemical Specific Fosler & Cllros.,1987 Chemical Specific Fosler & Chros.,1987 v.f1ere: 0", [(IR x S) I (aW x Ra x CFt}) x Q

IR·SH Inhalation Rate in Sliower lImin 14 EPA,2000 9.2 EPA,1997

BW BodyWelgl1l " 70 EPA, 1997 70 EPA,1997

CF1 Conversion Faclor (ug x I)/(mg x rn3) 1.00E+06 1.00E+06

Q Function of Air Exchange Rate & Time in Shower & Shower Room mI" 2.7897 Fosler & Chros.,19B7 2.7897 Fosler & Chros.,19B7 where: Q .. Os + f(exp(-Ra x Ol)}!Ra]- [(exp(Ra x (Os - Dlm/Ra)

0' Duration of Sliower mI" 15 EPA,199? 15 EPA, 1997

Dt Total Time in Shower Room mI" 20 EPA,1997 20 EPA, 1997

R, Rale of Air Exchange 1/mln 1.6BE·02 Foster & Chros,,1987 1.68E-02 Fosler & Cillos.,1987

S Indoor vac Generation Rate uglm3fmin Chemical Specific Fosler & Clvos.,198? Chemical Specific Fosler & Chros..1987 wMre: S" CWO x FRlSV

F' Sliower Flow Rate """ 12.87 EPA,1997 12.B7 EPA,1997

$V Sllower RoomAir Volume m3 6 EPA,1997 6 EPA,1997 -
CWO Chemical Concentration leaving Waler Droplet aner lime IS ,gA Chemical Specific Fosler & Chros.,19B7 Chemical Specific Fosler & Chros.,1987 \foflere: CWO" CWx CF2 x [l.exp[(·Kat x ts}!60dJ)

CW Chemlcal Concentration In Water ", Chemical Spec!fic See Table 3 Chemical Spec!fic See Table 3

CF2 Conversion Factor ,g!m, 1000 1000

t, Shower Droplel Time '"' 2 Foster & ChroS,,1987 2 Foster & Chros..1987

d Shower Droplet Diameter mm 1 Foster & Chros.,19B7 1 Foster & ChrOS.,1987

K'l AdjIJsled overal mass transfer coefficient ,""" Chemical Specific Foster & Chros.,198? Chemical Specific Foster & ChrOS.,1987 where: Kat = KUSQRT(TI J: us)l(Ts xull1

T1 CaUbraUon Water Te~erature of Kl K 293 Foster & Chros.,1987 293 Fosler & Chros,,19B7

T, Shower Waler Temperalure K 318 Foster & Chros,,19B7 318 Fosler & Clvos.,1987

,1 Waler Vlscoslly at 11 centlpose 1.002 Fosler & Clvos.,19B? 1.002 Foster & Chros.,1987

"' Water Viscoslly at Ts centlpose 0.596 Foster & Chros.,1987 0.596 Fosler & Chros.,19B7

Tb3-5 DF (Inh_AduILResidenl) 3/18/02



TABLE 3-5 (continued)

VALUES USED FOR DAILY INTAKE CALCULATIONS - RME AND CTE RESiDENTIAL ADULT INHALATiON OF VOLATILES FROM GROUNDWATER

OLD FIRE FIGHTING TRAINING AREA _GROUNDWATER RISK EVALUATION

NAVSTA NEWPORT, NEWPORT RHODE ISLAND

PAGE 2 OF 2

Scenario TImeframe: FlJlure

Medium: Groundwaler

Exposure Medll.m: AIrborne Vapors

Exposure PoInt: Inhalation of Volatiles (during showering) in Grooodwaler

Receptor PopulaliOfl: Resident

Receptor Age: Adu~

Exposure Route Parameter Parameler Definition Units RME RME CTE CTE Intake Equation!

Code Value Rationalel Value Ral!onalel Model Name

Reference Reference

KL Mass Transfer Coefficient ,- Chemical Specific Foster & Chros.,1987 Chemical Specific Foster & Chros.,1987 where: KL" 11[(1/KL) + {(R xl)J(H xkg))1

R Ideal Gas law COflstant aIm m3knolefK 8.21E-OS Foster & ChrOS.,1987 6.21E·OS Foster & Chros.,1987

T Absolute Temperature K '" Foster & Chros.,1987 293 Foster & Chros.,1987

H Henry's law Constant aim m3/mole Chemlcal Specific EPA,1996 EPA, 1996 Foster & Chros.,19B7

kg Gas-film Mass Transfer Coelnclent "'M Chemlcal Specific Foster & Chros..1987 Chemlcal Specific Foster & Chros.,1987 where: kg = kH xSQRT[MIMitMW]

" Uqtid-film Mass TransferCoefficient ,m'" Chemical Specific Foster & Chros..1987 Chemical Specific Foster & Chros.,1987 where: kl = kC xSQRT[MWC/MW]

kH Gas-fim Mass Transfer Coefficient forWaler ,"", 3000 Fosler & Chros.,1987 3000 Foster & Chros.•1987

kC Liquid-film Mass Transfer Coefficient for Carnon Dioxide ,"", 20 Fosler & ChrOS.,1987 20 Foster & Chros.,1987

MWH MolecutarWeighl of Water glmole 18 Fosler & Chros.,1987 18 Foster & Chros..1987

MWC Molecular Weight of Carbon Dioxide gImole 44 Fosler & Chros••1987 44 Foster & Chros.,1987

MW MolecularWeighl of COPC glmole Chemical Spec!f1c Chemical Specific

Noles/Sources:

EPA, 1989. RiskAssessmenl Guidance for Superfund, Volume I, Human Hea~h Evaluation Manual (part A). EPA 540/1-691002. Office of Emergency and Remedial Response. Washington, DC.

EPA, 1994: USEPA RegIon I Waste Managemenl Division, USEPA Risk Update No.2, Aug. 1994.

EPA, 1996. AUachment C. EPA's Soll Screening Guidance. EPN5401R-96f018. Office of Emergency and Remedial Response. Washington, DC. A+Jril.

EPA, 1997. Exposure Factors Handbook. Updale to Exposure Factors Handbook. EPAlSOOlS-891043 - May 1989. Olnee of ResearCh and Development,

EPA, 2000. Recommended by Region III. Based on an Inhalation rate of 20m3fday.

Fosler, S. A. and P.C. ChrosloWSki. 1987. Inhalation exposureS 10 Volatile Organic Contaminants in the Shower. Presenled al the 80thhlnual Mee!Jng of lhe Nr Pollution Control Association. New York, NY. June.

Tb3-5 DF (Inh_AduILResident) 3/18102



TABLE 3-6
DERMAL PERMEABILITY CONSTANTS

OLD FIRE FIGHTING TRAINING AREA - GROUNDWATER RISK EVALUATION
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Substance KP TAU TSTAR B
2-methylnaphthalene 0.098 0.66

,
1.58 0.4

cadmium 0.001
zinc 0.0006
aluminum 0.001
iron 0.001
manganese 0.001
benzene 0.015 0.29 0.69 0.1
dibenzofuran 0.1 0.92 2.21 0.5
arsenic 0.001
chromium 0.002
copper 0.001
lead 0.001
naphthalene 0.049 0.55 1.32 0.2
barium 0.001
cobalt 0.001
vanadium 0.001



TABLE 3-7
SURFACE AREAS USED IN DERMAL EXPOSURE ASSESSMENT

OLD FIRE FIGHTING TRAINING AREA - GROUNDWATER RiSK EVALUATION

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Male Female Avg. Male Female Avg.
Body Body Body SA SA SA

(1) em'
I

(1) em' (1) em'AGE Wt.(l)kg Wt.(1)kg Wt.kg

1-2 11.B 10.8 --- ---
2-3 13.6 13.0 6030 5790
3-4 15.7 14.9 6640 6490
4-5 17.8 17.0 7310 7060

5-6 19.8 19.6 7930 7790
6-7 23.0 22.1 8660 8430

1 through 6 yr 16.6 7213

Avg.
SA

AGE (1) cm2****

Adult Male 19400
Adult Female 16900

Average Adult 18150

(1) All values obtained from EPA Exposure Factors Handbook, 1997.



TABLE 3-8
SHOWERING CONSTANTS

OLD FIRE FIGHTING TRAINING AREA - GROUNDWATER RISK EVALUATION
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Substance Henry's Law Constant Mol. Weight
2-Methylnaphthalene 0.000518 142.19
Benzene 0.0055 78.12
Dibenzofuran 0.000213 168.2
Naphthalene 0.00048 128.19



TABLE 4-1

NON-CANCER TOXICITY DATA - ORAUDERMAL

OLD FIRE FIGHTING TRAINING AREA - GROUNDWATER RISK EVALUATION

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Chemical Chronic! Oral RfD Oral RfD Oral to Dermal Adjusted Units Primary Combined Sources of RfD: Dates of RfD:

of Potential Subchronic Value Units Adjustment Factor (1) Dermal Target Uncertainty/Modifying Target Organ Target Organ (3)

Concern RfD (2) Organ Factors (MM/DD/YY)

Aluminum NiA N/A N/A N/A N/A N/A N/A N/A N/A N/A

Arsenic Chronic 3.00E-04 mg/kg-day 1.00E+OO 3.00E-04 mgfkg~day SkinNascular 3 IRIS 08/16/01

Barium Chronic 7.00E-02 mg/kg-day 7.00E-02 4.90E-03 mg/kg-day Kidney 3 IRIS 08/16/01

Cadmium Chronic 5.00E-04 mg/kg-day 5.00E-02 2.50E-05 mg/kg-day Kidney 10 IRIS 08/16/01

Chromium Chronic 3.00E-03 mg/kg-day 2.50E-02 7.50E-05 mg/kg-day Kidney 900 IRiS 08/16/01

Cobalt N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Copper N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Iron NiA N/A N/A N/A N/A N/A N/A N/A N/A N/A

Lead N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Manganese Chronic 2.40E-Q2 mg/kg-day 4.00E-02 9.60E-04 mg/kg-day CNS 1 IRIS 08/16/01

Vanadium Chronic 7.00E-03 mg/kg-day 2.60E-02 1.82E-04 mg/kg-day NOAEL 100 HEAST 1997

Zinc Chronic 3.00E-01 mg/kg·day 1.00E+OO 3.00E-01 mg/kg-day Btood 3 IRIS 08/16101

2-Methylnaphthalene Chronic 2.00E-02 mg/kg-day 1.00E+OO 2.00E-02 mg/kg-day Weight Loss EPA-NCEA 05/01101

Dibenzofuran 4.00E-03 mg/kg-day 1.00E+00 4.00E-Q3 mg/kg-day Kidney EPA-NCEA 05/01/01

Naphthalene Chronic 2.00E-02 mg/kg-day 1.00E+00 2.00E-02 mg/kg-day Weight Loss 3000 IRiS 08/16/01

Benzene 3.00E-03 mg/kg-day 1.00E+OO 3.0DE-03 mg/kg-day Blood/Immune EPA-NCEA 05/01/01

N/A = Not Applicable

(1) Refer to RAGS, Part A

(2) Adjusted RfD = oral RfD x GI absorption value in toxicity study upon which the RfD is based. To be used for dermal pathway only.

(3) IRiS -Integrated Risk Information System (EPA, 2001)

HEAST - Health Effects Assessment Summary Tables (EPA, 1997)



TABLE 4-2

NON-CANCER TOXICITY DATA --INHALATION

OLD FIRE FIGHTING TRAINING AREA - GROUNDWATER RISK EVALUATION

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Chemical Chronic! Value Units Adjusted Units Primary Combined Sources of Dates
of Potential Subchronic Inhalation Inhalation Target Uncertainty/Modifying RfC:RfD: (MM/DD/YY)

Concern RIC RfD Organ Factors Target Organ

Aluminum N/A --- --- NIA NIA NIA NIA NIA NIA

Arsenic NIA -- -- NIA NIA NIA NIA NIA NIA

Barium -- -- 1.43E-04 mg/kg-day Fetal Toxicity HEAST Alternative 1997

Cadmium -- -- 5.70E-05 mg/kg-day EPA-NCEA 05101101

Chromium Subchronic --- -- 2.86E-05 mg/kg-day Lung 300 IRIS 06116101

Cobalt NIA --- --- N/A NIA N/A NIA N/A NIA

Copper N/A --- -- N/A NIA N/A NIA NIA NIA

Iron N/A --- -- N/A NIA N/A NIA NIA NIA

Lead N/A --- --- N/A N/A N/A NIA N/A NIA

Manganese Chronic --- -- 1.43E-05 mg/kg-day CNS 1000 IRiS 08/16/01

Vanadium N/A --- -- N/A N/A N/A NIA N/A N/A

Zinc N/A --- -- NIA N/A N/A N/A N/A N/A

2·Methylnaphthalene N/A --- -- NIA N/A N/A N/A N/A N/A

Oibenzofuran N/A --- -- N/A N/A N/A N/A N/A N/A

Naphthalene --- --- 9.00E-04 mgfkg-day Respiratory 1000 IRIS 08116101

Benzene -- -- 1.70E-03 mg/kg-day Blood EPA-NCEA 05101101

N/A = Not Applicable

(1) IRiS -Integrated Risk Information System (EPA, 2001)



TABLE 4-3

CANCER TOXICITY DATA -- ORAUDERMAL

OLD FIRE FIGHTING TRAINING AREA - GROUNDWATER RISK EVALUATION

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Chemical Oral Cancer Slope Facto Oral to Dermal Adjusted Dermal Units Weight of Evidence! Source Date

of Potential Adjustment Cancer Slope Factor (1) Cancer Guideline Target Organ (MMIDD/YY)

Concern Factor Description

Aluminum N/A N/A N/A N/A N/A N/A N/A

Arsenic 1.50E+QO 1.00E+OO 1.50E+OO 1/(mg/kg-day) A IRIS 08/16/01

Barium N/A N/A N/A N/A N/A N/A N/A

Cadmium N/A N/A N/A N/A N/A N/A N/A

Chromium N/A N/A N/A N/A N/A N/A N/A

Cobalt N/A N/A N/A N/A N/A N/A N/A

Copper N/A N/A N/A N/A N/A N/A N/A

Iron N/A N/A N/A N/A N/A N/A N/A

Lead N/A N/A N/A N/A N/A N/A N/A

Manganese N/A N/A N/A N/A N/A N/A N/A

Vanadium N/A N/A N/A N/A N/A N/A N/A

Zinc N/A N/A N/A N/A N/A N/A N/A

2-Methylnaphthalene N/A N/A N/A N/A N/A N/A N/A

Dibenzofuran N/A N/A N/A N/A N/A N/A N/A

Naphthalene N/A N/A N/A N/A N/A N/A N/A-
Benzene 5.50E-02 1.00E+00 5.50E-02 1/(mg/kg-day) A IRiS 08/16/01

IRIS = Integrated Risk Information System

HEAST= Health Effects Assessment Summary Tables

Weight of Evidence:

Known/Likely

Cannot be Determined

Not Likely

EPA Group:

A - Human carcinogen

81 - Probable human carcinogen - indicates that limited human data are available

82 - Pr~bable human carcinogen - indicates sufficient evidence in animals and

inadequate or no evidence in humans

C - Possible human carcinogen

D- Not classifiable as a human carcinogen

E ~ Evidence of noncarcinogenicity

(1) Adjusted SF dermal = oral SF/GI absorption value in toxicity study upon which the SF is based. To be used for dermal pathway only.

(2) IRIS ~ Integrated Risk Information System (EPA, 2001)

HEAST - Health Effects Assessment Summary Tables (EPA, 1997)



TABLE 4-4

CANCER TOXICITY DATA --INHALATION

OLD FIRE FIGHTING TRAINING AREA - GROUNDWATER RISK EVALUATION

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Chemical Unit Risk Units Adjustment Inhalation Cancer Units Weight of Evidence! Source Date
of Potential Slope Factor Cancer Guideline (MM/DDIYY)

Concern Description

Aluminum --- --- --- N/A N/A N/A N/A N/A
Arsenic --- --- --- 1.51 E+01 l/(mg/kg-day) A IRIS 08/16/01
Barium -- --- -- N/A N/A N/A N/A N/A
Cadmium -- -- -- 6.30E+00 l/(mg/kg-day) 61 IRIS 08/16/01

Chromium -- -- --- 4.10E+01 lI(mg/kg-day) A IRIS 08/16/01

Cobalt -- --- --- N/A N/A N/A N/A N/A
Copper -- --- --- N/A N/A N/A N/A N/A
Iron --- -- --- N/A N/A N/A N/A N/A
lead --- -- --- N/A N/A N/A N/A N/A
Manganese --- -- -- N/A N/A N/A N/A N/A
Vanadium --- -- --- N/A N/A N/A N/A N/A
Zinc --- -- --- N/A N/A N/A N/A N/A
2-Methylnaphthalene -- --- --- N/A N/A N/A N/A - N/A
Dibenzofuran --- -- --- N/A N/A N/A N/A N/A

Naphthalene --- -- --- N/A N/A N/A N/A N/A

Benzene --- -- --- 2.90E-02 l/(mg/kg-day) A IRIS 08/16/01

IRiS = Integrated Risk Information System
HEAST= Health Effects Assessment Summary Tables

Weight of Evidence:

(1) IRIS -Integrated Risk Information System (EPA, 2001)

HEAST - Health Effects Assessment Summary Tables (EPA, 1997)

EPA Group:
A • Human carcinogen
81 - Probable human carcinogen - indicates that limited human data are available
82 - Probable human carcinogen· indicates sufficient evidence in animals and

inadequate or no evidence in humans
C - Possible human carcinogen
0- Not classifiable as a human carcinogen
E - Evidence of noncarcinogenicity



Total Blood HI
Total eNS HI

Total Immune HI
Total Kidney HI

Total Skin HI
Total Vascular HI

Total Weight loss HI

TABLE 5-1
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs - CHILD RESIDENT EXPOSURE TO GROUNDWATER

REASONABLE MAXIMUM EXPOSURE
OLD FIRE FIGHTING TRAINING AREA - GROUNDWATER RISK EVALUATION

NAVSTA NEWPORT NEWPORT RHODE ISLAND, ,
Scenario Timeframe: Future
Receptor Population: Resident
Receotor Ace: Child

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard quotient
Medium Point

Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure
Routes Tolal TarnalOrnan Routes Total

Groundwater Groundwater Tap Waler Conlact with
Groundwater

Aluminum -- -- -- -- Aluminum NfA -- -- -- --
Arsenic V7E-04 -- 2.06E-DB 4.79E·04 Arsenic SkinNascular 1.24E+01 -- 5.34E-02 1.24E+01

Barium -- -- -- -- Barium Kidney 4.15E-01 -- 2,56E-02 4.41E-Ol
Cadmium -- -- -- -- Cadmium Kidney 5.07E-01 -- 4.37E-02 5.50E-01
Chromium -- -- -- -- Chromium Kidney 9.91E-01 -- 3.42E·Ol 1.33E+OO
Cobalt - -- -- -- Cobalt NfA -- -- -- --
Copper -- -- -- -- Copper NfA -- -- -- --
Iron - -- -- -- Iron NfA -- -- - --
Lead -- -- -- -- Lead NfA -- -- -- --
Manganese -- -- -- -- Manganese eNS 3.88E+Ol -- 4.19E+OO 4.30E+01
Vanadium -- -- - -- Vanadium NOAEL 3.99E-01 - 6,62E·02 4.65E-01

Zinc -- -- -- -- Zinc Blood 3.90E-01 -- 1.01E-03 3.91E-01

2·Methylnaphthalene -- -- -- -- 2-Methylnaphlhalene weight Loss 7.0BE-01 -- 7.76E·01 1,48E+OO

Dibenzofuran -- -- -- - Dibenzofuran Kidney 1.49E·01 -- 1.97E-01 3,46E-01

Naphthalene -- - -- -- Naphthalene Weight loss 5.59E-Q1 -- 2.80E-01 8.39E-01

Benzene 1.16E-05 - 1.32E·06 1.29E-OS Benzene Bloodllmmune 8,20E·01 -- 9.33E-02 9.13E-01

Total 4.89E-04 3.38E·06 4.92E-04 Total 5.61E+01 - 6.06E+OO 6.22E+01
Total Risk Across Groundwater 4.92E-04 Total Hazard Index' Across Groundwater 6.22E+01

Total Risk Across All Media and All Exposure Routes 4.92E·04 Total Hazard Index' Across All Media and All Exposure Routes 6.22E+01

= 1.30E+OO

= 4.30E+01
= 9.13E-01

= 2.67E+OO

= 1.24E+01
- 1.24E+01
= 2.32E+OO

*_ Total Hazard Index by itself is not an indicator of unacceptable risk but rather is a criterion for requiring that noncancer risks should be examined separately for chemicals affecting the same target organ.



TABLE 5-2
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs - ADULT RESIDENT EXPOSURE TO GROUNDWATER

REASONABLE MAXIMUM EXPOSURE
OLD FIRE FIGHTING TRAINING AREA - GROUNDWATER RISK EVALUATiON

NAVSTA NEWPORT NEWPORT RHODE ISLAND-
Scenario Tlmeframe: Future
Receptor Population: Resident
ReceDlor Aoe' MUll

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenlc Hazard Quotient
Medium Point

Ingestion lnl1alation Dermal Exposure Primary Ingestion Inhalation Deffi1al Exposure
Routes Total TarnelOrnan Routes Tola

Grourldwaler C-fOUildwater Tap Wa1er Contacl with
GroundWater

Aluminum - - - - AIumlnum NfA - - - -
Arsenlc 7.02E-04 - 1.59E-06 7,03E-04 Arsenic SkirWascular 4.55E+OO - 1.03E·02 4.56E<t{)O
Barium - - - - Barium Kidney t53E-01 - 4.9SE-03 1.58E-01
Cadmium - - - - Cadmium Kidney 1.86E-01 - BA5E-03 1.95E-01
Chromlum - - - - Chromium Kidney 3.64E.Ql - 6.61E-02 4.31E-01
CobaK - - - - Cobalt NfA - - - -
COpper - - - - Copper NfA - - - -
Iron - - - - fron NfA - - - -
Lead - - - - Lead NfA - - - -
Manganese - - - - Manganese CNS 1.43E+01 - a.OgE-01 1.51E+01
Vanadium - - - - Vanadium NOAEL 1.47E-01 - 1.2BE·02 i.GDE-01
Zinc - - - - Zinc Blood 1,43E-01 - 1.95E-04 1.44E-Of
2-Melhyrlaphthalene - - - - 2-Melhylrraphthalene Weight Loss 2.60E-Ot - 1.S5E-Of 4.46E-Of
Oibenzoftxan - - - - Dlbenzofuran Kidney 5.4BE·02 - 5.33E-02 1.0BE-01
Naphthalene - - - - Naphthalene Weight Loss 2.05E·Of - 6.62E-02 2.72E-01
!lj!.~!..Il!3.. _____________. ___._ ._Uqg:9.~_ ----_.._... 1.;Q~:Q! 1.80E-05 Benzene .....~~W1.!!lI))H0~._•• _~.:.Ql~·.Ql. - _t§9£.Qa•. ..~1Zi;:.:Q.L..__._._-

TOtiiii·········-·-···---·- ...._._..._.
Tolal 7.f9E·04 - 2.50E-06 7.2fE-04 2.06E+Of - 1.23E+OO 2.19E+Q1

l>Je Inhalation of Groundwaler
Vapors Durlng Showering

Aluminum - - - - AAlminum NfA - - - -
Arsenlc - NA - - Arsenlc NfA - - - -
Barium - - - - Barium Felal Toxicity - NA - -
Cadmium - NA - - Cadmium - NA - -
Chromium - NA - - ChromIum L"" - NA - -
Cobalt - - - - Coba~ NfA - - - -
Copper - - - - Copper NfA - - - - -
Iron - - - - Iron NfA - - - -
Lead - - - - Lead NfA - - - -
Manganese - - - - Manganese CNS - NA - -
Vanadium - - - - Vanadium NfA - - - -
Zinc - - - - Zinc NfA - - - -
2-Melhylnaphlhalene - - - - 2-Melhytnaphlhalene NfA - - - -
Dibenzofuran - - - - Olbenzofuran NfA - - - -
Naphthalene - - - - Naphthalene Resplratory - 3.36E+OO - 3.36E+OO

~o~~·~---_·········· .. --=..-..l&~s:Q§ - i.0BE-05 Benzene __.....~lP.2fL .._•..•. - ..~~~§.i;::.Q:L - ..~c~J5E.:Q.L_.._._._.
-Toiiili····-··-··-·---·"·· ............- .._.._.._._._.

tOBE-05 - i.0BE·05 - 4.00E+OO - 4.00E+OO
Total RlskAcross Groundwater 7.32E·04 Tolal Hazard Index Across Groundwater 2.59E+Of

Tolal Risk Across All Media and All Exposure Routes 7.32E-04 Total Hazard Index Across All Media and All Exposl¥e Routes 2.59E+01

Total Blood HI = 1.i0E+OO
TolalCNSHI= 1.5iE+Of

Tola! Immune HI = 3.17E-Oi
TOla! Kidney HI = 8.91E-Oi

Total Respiratory HI = 3.36E+OO
TolalSklnHI= 4.56E+OO

Total Vascular HI '" 4.56E+OO
Total Weight Loss HI = 7.17E·01

3115102



TABLE 5-3
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs - LIFETIME RESiDENT EXPOSURE TO GROUNDWATER

REASONABLE MAXIMUM EXPOSURE
OLD FIRE FIGHTING TRAINING AREA - GROUNDWATER RISK EVALUATioN

NAVSTA NEWPORT - NEWPORT, RHODE ISLAND
Scenario Tlmeframe: Future
Receptor Population: Resident
Recentor A"e: ChiidfAdult

Medium Exposure

Medium

Exposure
Point

Chemical Carcinogenic Risk Chemical
.

Non-CarcinogenIc Hazard Quotient

Groundwater Groundwater Tap Water Contact with
Groundwater

lngestion Inhalation Dermal Exposure
Routes Total

Primary
Tar elOr an

Ingestion Inhalation Dermal Exposure
Routes Total

Afr Inhalation of Groundwater
Vapors During Showering

Aluminum

Arsen!c 1.18E-03
Barium
Cadmium

Chromium

Cobalt

Copper

lro'
Lead
Manganese

Vanadium
Zinc

2-Methylnaphlhalene
Dibenzofuran

Naphthalene

~~~n!L_.. ._._.. _.~~;~~ ~ _

3.65E-06

_?1~§:.9_~

5.87E-06

Aluminum NfA NJA NfA
1.18E-03 Arsenic N/A N/A NfA

Barium NfA N/A NfA
Cadmium N/A N/A NfA
Chromium NfA N/A NfA
Cobalt NIA NfA NfA
Copper NfA NfA NfA
Iron NfA NfA NfA
Lead NfA NfA NfA
Manganese NfA N/A NfA
Vanadium NfA NfA NfA
Zinc NfA NfA N/A
2-Methylnaphthalene NfA N/A N/A
Dlbenzofuran NfA N/A N/A

Naphthalene NfA N/A N/A
3.09E-05 Benzene N/A N/A N/A

-1.-21E:03IIT~t~···"-_·--------------------------------------- --------- -- - ---..--- -

Aluminum
Arsenic
BarIum
CadmIum
Chromium
Cobalt
Copper
lro,
Lead
Manganese
Vanadium
Zinc
2.Methylnaphthalene
DIbenzoluran
Naphthalene

r~~Z~!!!!. - ----.--.- .::_. .!,Q.~g:Q.~_
IfTotall 1.08E-05

Total Risk Across Groundwater

AlumInum N/A NfA
Arsenic N/A NfA
BarIum N/A NfA
CadmIum N/A NfA
Chromium N/A NfA
Cobalt N/A N/A
Copper N/A NfA
Iron N/A N/A
Lead N/A N/A

Manganese N/A N/A
Vanadium N/A N/A

Zinc N/A N/A
2·Methylnaphthalene N/A N/A
Dlbenzoluran N/A N/A
Naphthalene N/A N/A

loOSE-05 Benzene N/A N/A
--1.-08E~ci5··IIT~t;1--·-· ..·-··········--· .-....-.....---------------- -------------- --------------- ....-....------

1.22E-03 Total Hazard Index Across Groundwater

3/15/02



TABLE 5-4
SUMMARY OF RECEPTOR RiSKS AND HAZARDS FOR COPCs - CHILD RESiDENT EXPOSURE TO GROUNDWATER

CENTRAL TENDENCY EXPOSURE
OLD FIRE FIGHTING TRAINING AREA· GROUNDWATER RISK EVALUATiON

NAVSTA NEWPORT NEWPORT RHODE ISLAND,
Scenario Timeframe: Future
Receptor Population: ResIdent
Receotor Ace: Child

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical NOIl-Carc!nogenfc Hazard Quotient
Medium Point

Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure
Routes Total Tar et Oraan Routes Total

Groundwater Groundwater Tap Water Contact with
Groundwater

AlumInum - - - - Aluminum NfA - - - -
Arsenic 9.23E-06 - 9.17E-08 9.32E-06 Arsenic SklnNascu!ar 7.1BE-01 - 7.13E-03 7.25E-01

Barium - - - - Barium Kidney 4.67E.Q2 - 6.62E.Q3 5.33E-02
Cadmium - - - - Cadmium Kidney 5,02E-02 - 9.96E-03 6.01E-02
Chromium - - - - Chromium Kidney 2..44E-01 - 1.94E-01 4.37E-01
Cobalt - - - - Cobalt NfA - - - -
Copper - - - - Copper NfA - - - -
Iron - - - - Iron NfA - - - -
lead - - - - Lead NfA - - - -
Manganese - - - - Manganese eNS 6.96E+OO - 1.73E+OO 8.69E+OO
Vanadium - - - - Vanadium NOAEL 1.10E-02 - 4.20E-03 1.52E-02
Zinc - - - - ZInc Blood 2.99E·02 - 1.78E-04 3.01E·02
2-Methylnaphthalene - - - - 2.Methylnaphthalene Weight Loss 2.20E-02 - 8.37E-02 1.06E-01
Dibenzofuran - - - - Dibenzofuran K!dney 5.43E·02 - 2A9E-01 3.03E-Of
Naphthalene - - - - Naphthalene Weight Loss 2.24E-02 - 3.90E-02 6.14E-02
Benzene 4.57E·07 - _lJ!!:§:QI. __.2d.1.S:Q.? ••

r~~~i~~---------"'-""'-
.__§l~£~!J!!!.~~,!D.~_____ ___!Y..Qs:QL ..._-------- ___~J:LS:Q_?.. r-]~1JE:.qL

IIT";i~i----------------- --------
9.69E·06 2.68E-07 9.96E·06 8.26E+OO 2.36E+OO 1.06E+01

Tolal Risk Across Groundwater 9.96E·06 Total Hazard Index' Across Groundwater 1.06E+Of
Total Risk Across All Media and All Exposure Routes 9.96E-06 Total Hazard Index' Across Ali Media and All Exposure Routes t06E+01

- Total Blood HI = f.65E-Of
Tolal eNS HI = 8.69E+OO

Total Immune HI = 1.34E-01
Tolal Kidney HI = 8.54E-01

Tolal Skin HI = 7.25E-01
Total Vascular HI = 7.25E·01

TOlal Weight Loss HI = f.67E-01

'. Total Hazard Index by itself is not an indicator of unacceptable risk but rather is a criterion for requiring that noncancer risks should be examined separately for chemicals affecting the same target organ.



TABLE 5~5

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs M ADULT RESiDENT EXPOSURE TO GROUNDWATER
CENTRAL TENDENCY EXPOSURE

OLD FIRE FIGHTING TRAINING AREA ~ GROUNDWATER RISK EVALUATiON
NAVSTA NEWPORT ~ NEWPORT, RHODE ISLAND

Scenario nmeframe: Future
Receptor PopUlation: Resident
Recelltor Aoo: Adu~

Medlum Exposure
Medium

ExposlEe
Point

Chemical Carcinogenic Risk Chemical NOll-Carcinogenic Hazard Quotient

Groundwater Groundwater Tap Water Contact with
Groundwater

Ingestion Inhalation Dermal Exposure
Routes Tolal

Primary
Tar etOr an

Ingestion Inhalation Dermal Exposure
Routes Total

Al"",,",,,
Arsenlc NA
Barium
Cadmium NA
Chromil.m NA
Cobalt
Copper

'c",
Lead
Manganese
Vanadium
Zinc
2-Mell1yinaphthalene
Dlbenzofuran
Naphthalene
§!L!¥.~!l~.•.. 1~~Ag,:9J:

Total 4.24E·07
Total Risk Across GrOUfl(t,vater

Total Risk Across AD Media and All Exposure Routes

3.23E-01
2.19E-02
2.40E-02
1.38E-01

1.04E-03
9.70E-04
1.46E-03
2.83E·02

1.5-1E-01

__.._.=_ §.&Q~Q.L

2.40E-01
-1.28E-+OO
4.28E-tOO

2.53E-01 3.38E+OO
6.15E·04 5.5SE-03
2.61E·05 1.35E·02
t01E·02 1.99E·02
3.39E-02 5.82E-02
4.64E·03 1.47E·02

•.2,.~.~:_QL __1:.l?§'~Q~ ••
3.37E-01 4.0-1E+OO

NA

NA
NA
NA

3.22E-01
2.10E-02
2.25E-02
1.09E-01

N/A
N/A

Fetal Toxicity

1.54E-01

-_!!.§Q.~.-.Q~
2.40E-01

Total Hazard Index Across Groundwater
Totat Hazard Index Across All Media and All Exposure Routes

"lOg
N/A
N/A
N/A
N/A

eNS
NIA
NIA
N/A
NIA

Respiratory

-----------~!Q.q~---------- --------------

N/A
SklrWascular

Kidney
Kidney
Kidney

N/A
NfA
N/A
N/A
CNS 3.12E+OO

NOAEL 4.93E-03
Blood 1.34E-02

Weight Loss 9.88E-03
Kidney 2.44E-02

Weight loss l,01E-02
Bloodllmmune 4.35E·02-.-.--.-.-------- --i71-E"+oo

Aluminum
1.4SE-05 Arsenic

Barium
Cadmium
Chromium
Cobalt
Copper
Iron
Lead
Manganese
Vanadium
Zinc
2·Methylnaphlhalene
DlbenzoMan
Naphthalene

_2,?~~:9.L_ §!?-'B.!m.~ •
t53E-05 Total

"'"""'"Arsenic
Barium
Caanium
Chromium
Cobalt
Copper
Iron
Lead
Manganese
Vanadium
Zinc
2·Methylnaphthalene
Dibenzofuran
Naphthalene

___1~?_1~:9.L_ B!?.lB~!l~.•_. ._. _
4.24E-07 Tolal
1.57E-05
1.57E-05

4.70E-OB

~'1§.~Q~
1.01E-07

AlUminum
Arsenic 1.45E-05
Barium
Cadmium
Chromium
Cobalt
Copper
Iron
lead
Manganese
Vanadium
Zinc
2-Melhylnaphthalene
Dibenzofuran
Naphthalene
§~~~!l'!._. LL~E:9L =-__._
Total 1.S2E·OS

Air Inhalation of Grol.llld.¥ater
Vapors During Showering

Total Blood HI '"
Total CNS HI '"

Total Immune HI '"

U6E-01
3.38E-tOO
4.68E·02

Tolal Kidney Hl '"
Total RespIratory H! =

Total Skin HI '"
TolalVascular HI '"

Total Weight loss HI '"

2A2E-01
1.5-1E-01
3.23E·01
3.23E·01
3.46E-02

3/15f02



TABLE 5-6
SUMMARY OF RECEPTOR RiSKS AND HAZARDS FOR COPCs - LIFETIME RESIDENT EXPOSURE TO GROUNDWATER

CENTRAL TENDENCY EXPOSURE
OLD FIRE FIGHTING TRAINING AREA - GROUNDWATER RiSK EVALUATioN

NAVSTA NEWPORT - NEWPORT, RHODE ISLAND
Scenario Timeframe: Future
Receptor PopUlation: Resident
Receptor Ace: GhlidfAdult

Medium Exposure

Medium
Exposure

Point
Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Groundwater Groundwater Tap Water Contact with
Groundwater

Ingestion Inhalation Dermal Exposure
Routes Total

Primary
TarnelOrnan

Ingestion Inhalation Dermal Exposure
Routes Total

Air Inhalation of Groundwater
Vapors During Showering

Aluminum
Arsenic 2.37E-05
Barium
Cadmium

Chromium

Cobalt
Copper
lron
lead
Manganese
Vanadium
Zinc
2-Methylnaphthalene
Dibenzofuran
Naphthalene
Benzene 1.18E-06"ITOtai}---·-------------- ··2.~i9E:05- ------::.-----

1.39E-07 2.39E-05

_~~~15:Q1 1~!.15:.Q2•.
3.70E·07 2.53E-05

AlumInum N/A N/A NfA
Arsenic N/A N/A NfA
Barium NfA NfA N/A
Cadmium NfA NfA N/A

Chromium NfA N/A N/A

Cobalt NfA NfA N/A
Copper NfA NfA N/A
Iron N/A N/A N/A
Lead N/A N/A NfA
Manganese N/A N/A NfA
VanadIum NfA N/A NfA
Zinc NfA NfA N/A
2·Methylnaphthalene NfA N/A N/A
DIbenzofuran N/A N/A N/A
Naphthalene N/A N/A N/A
Benzene N/A N/A N/A
IT~tiil----------------····-- .------------------.-.-.... ------..:.------- .-.::.------ -------:--.-- 1-.__7_ ...._

Aluminum
Arsenic
Barium
Cadmium
Chromium
Cobalt
Copper
Iron
Lead
Manganese
Vanadium
Zinc
2-Methylnaphthalene
Dibenzofuran

Naphthalene
Benzene 4.24E·07
IT~;il-------------_···· -----::----- -4~24E:-ci7

Total Risk Across Groundwater

4.24E-07
---4".24E:iji-

2.57E-05

Aluminum NfA NIA
Arsen!c N/A N/A
BarIum NlA N/A
Cadmium N/A N/!:
Chromium N/A N/A
Cobalt N/A N/A
Copper N/A N/A
Iron N/A N/A
Lead N/A N/A

Manganese N/A NfA
VanadIum N/A N/A
Zinc NfA N/A

2-Methylnaphthalene N/A N/A

Dibenzofuran N/A N/A
Naphthalene NfA NfA
Benzene NfA _ NfA -rrot;;ji-····------------·- -.-.-----------------.-.:.-....-- ------------ --.....:.--.

Tornl Hazard Index Across Groundwater

3115/02



TABLE 5-7
BLOOD LEAD CONCENTRATIONS AND LEAD UPTAKES

GROUNDWATER AND SURFACE SOIL EXPOSURES
OLD FIRE FIGHTING TRAINING AREA - GROUNDWATER RISK EVALUATION

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND
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TABLE 5-8
BLOOD LEAD CONCENTRATIONS AND LEAD UPTAKES
GROUNDWATER AND SUBSURFACE SOIL EXPOSURES

OLD FIRE FIGHTING TRAINING AREA - GROUNDWATER RISK EVALUATION
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND
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TABLE 6-1
OCCURRENCE AND DISTRIBUTION OF INORGANICS IN GROUNDWATER

OLD FIRE FIGHTING TRAINING AREA - GROUNDWATER RISK EVALUATION
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Backaround Data Sile-Related Data
Freq. Range of Positive Freq. Range of Positive Range of Detection

of Detection Mean of Sampling Round and of Detection Mean of Sampling Round and Limits Representative
Substance Detection Min. Max. All Data Location of Maximum Detection Min. Max. All Data Location of Maximum Min. Ma< Concentration
Aluminum 212 958 J 1300 J 1130 OFF·A-MW5S-01 6/13 645 J 13000 J 1480 OFF-A-MW3S-01 14.3 564 13000
Arsenic 0/2 2/13 44.5 49.8 8.32 OFF-A_MW3S·01 1.8 6.9 49.8
Barium 212 12.2 16.1 14.2 QFF·A·MW6R·01 12/13 5.3 390 72.9 QFF·A·MW102·01 3.5 3.6 390

Cadmium 0/2 3f13 2.4 J 3.4 J 0.758 OFF-A-MW3S·01 0.19 0.52 3.4
Calcium 2/2 30200 J 76800 J 53500 QFF·A·MW5S·01 13/13 16200 J 281000 J 101000 OFF·A·MW2S·D1 281000
Chromium 2/2 12.1 15.6 13.9 OFF·A-MW5S-01 12113 3.2 39.9 15.2 OFF·A·MW11R-01 1.3 1.3 39.9

Cobalt 1/2 5 J 5 J 2.85 OFF-A-MW6R·01 9'13 6.1 87 22.6 OFF·A·MW7S·01 0.94 3.8 87
Copper 0/2 4'13 13.6 J 166 J 27.2 OFF-A-MW3S·01 1.' 12.3 166
Iron 2/2 2580 J 3180 J 2880 OFF-A·MW5S-01 12113 934 J 129000 J 13800 OFF-A-MW3S-01 183 187 129000

Lead 0/2 10/13 1.6 J 207 J 22.5 OFF-A-MW3S-01 1.4 1.4 207

Magnesium 212 20500 J 24100 J 22300 OFF·A·MW6R-01 13/13 11100 J 718000 J 159000 OFF-A-MW2S·01 716000

Manganese 212 216 J 578 J 397 OFF-A-MW5S·01 13/13 396 J 12500 J 3820 OFF·A·MW4S-01 12500

Mercury 0/2 3/13 0.02 J 0.24 0.0354 OFF-A-MW3S·01 0.01 0.01 0.24

Potassium 2/2 5S70J 6740 J 6160 OFF-A-MW6R·01 13/13 5700 J 258000 J 61900 OFF·A_MW2S·01 258000

Silver 0/2 2/13 0.82 J 1.9 J 0.887 OFF·A_MW11S·01 0.82 6.5 1.9

Sodium 212 46500 J 129000 J 87800 OFF.A·MW6R·01 12113 39300 J 5960000 J 1410000 OFF·A·MW2S-01 1010000 1010000 5960000

Vanadium 2/2 1.4 1.6 1.5 OFF·A·MW5S-01 7/13 0.59 J 37.5 3.58 OFF·A·MW3S-01 0.57 0.57 37.5

Notes:

Units are ug/L.
Number of sample results excludes rejected data or blank·qualified data. Duplicates are considered as one result

Mean of all data includes positive detections and non-detected results. Detection limits are divided by two.
The determination of representative concentrations is based on the maximum detected result

Frequency of detection refers to number of times compound was detected among all samples versus lolal number of samples.

Number of samples may vary based on the number of usable results.
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FIGURE 5-1
BLOOD LEAD CONCENTRATION VERSUS PROBABILITY PERCENT

GROUNDWATER AND SURFACE SOIL
OLD FIRE FIGHTING TRAINING AREA - GROUNDWATER RISK EVALUATION

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND



FIGURE 5-2
BLOOD LEAD CONCENTRATION VERSUS PROBABILITY PERCENT

GROUNDWATER AND SUBSURFACE SOIL
OLD FIRE FIGHTING TRAINING AREA - GROUNDWATER RISK EVALUATION

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND
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APPENDIXC

PRG DEVELOPMENT FOR SOIL

FEASIBILITY STUDY

OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

This appendix provides the supporting documentation for the development of soil PRGs.

C.1 RISK-BASED CONCENTRATIONS

The risk-based concentrations (to be used in the PRG development process) were calculated based on

data used in the HHRA. RBCs for carcinogens were based on a risk of 1 x 10.6 for carcinogens and an

HQ of 1.0 for non-carcinogens. The scenario used to calculate the carcinogenic RBCs was the lifetime

resident, which was the most conservative carcinogenic risk scenario in the HHRA. The scenario used to

calculate the non-carcinogenic RBCs was the child resident, which was the most conservative non

carcinogenic risk scenario in the HHRA. For each chemical, the more conservative of the carcinogenic

RBC and the non-carcinogenic RBC was chosen during the PRG selection process.

The equations and spreadsheet showing the calculations for the risk-based concentrations are included in

this appendix.

C.2 RIDEM DIRECT EXPOSURE CRITERIA

The RIDEM Remediation Regulations provide the methodology for determining remedial objectives for

soil. Method 1 Soil Objectives are published in tables in the regulation, and site concentrations are

compared directly to these numbers. If no Method 1 Soil Objective has been promulgated for a specific

chemical, then a Method 2 Soil Objective is calculated for the site using the prescribed method and

assumptions provided in the regulation. For direct exposure, the Method 2 calculations use the same

equations and assumptions as those for the Method 1.

Many of the chemicals detected at OFFTA have Method 1 Objectives listed in the tables. For those

chemicals not listed, Method 2 Direct Exposure Criteria were calculated for use in the screening process.

The procedure for the calculations is outlined in Appendix D of the RIDEM Remediation Regulations. A

copy of that appendix from the Remediation Regulations and the spreadsheets used to calculate the

Method 2 criteria for chemicals at OFFTA are included in this appendix.

C-1



EQUATIONS FOR RISK·BASED CONCENTRATIONS

The following equations were used to calculate the risk-based concentrations. The assumptions are the
same as those in the HHRA found in the RI, and the equations directly correspond to the HHRA, except
that they have been rearranged to calculate the concentration instead of the risk. The values used for
each variabie are provided on the accompanying spreadsheet.

Non-Carcinogenic Ingestion (child resident)

days
HI·RjD·BWd,ud ·365-

C= yr

EF .10-6
kg .IR,ou_d,ud
mg

Non-Carcinogenic Dermal Contact (child resident)

C = H_I_._R=-'fD_._A_T,""w"-,,-:c""",uecd _

EF .EV .10-6 !!..-. SAADJeMld . SSAFehUd .DABS
mg

Carcinogenic Ingestion (lifetime resident)

C = TargetRisk . ATea,

CSF .EF .10-6
kg .IF,ou-adj
mg

Carcinogenic Dermal Contact (lifetime resident)

TargetRisk· AT,",
C=-------"'---""-----

CSF .EV . EF .10-6 kg . SAADJ. .SSAF .DABS
life life

mg

Carcinogenic Inhalation (lifetime resident)

C
TargetRisk· A Tea, . PEF

CSF .EF ·IRa',_adj
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where:

C =
HI =
RID =
BWchiid =
EF =
IRsoil-child =
ATnon-child =
EV =
SAADJchiid =
SSAFchiid =
SSAFlife =
DABS =
TargetRisk =
ATcar =
CSF =
IFsoil-adj =
SAADJlife =
PEF =
IRair.adj =

Soil Concentration (mg/kg)
Hazard Index (unitless)
Reference Dose (mg/kg-day)
Body Weight, child (kg)
Exposure Frequency (days)
Soil Ingestion Rate, child (mg/day)
Averaging Time, non-carcinogen, child
Event Frequency (events/day)
Age-Adjusted Skin Surface Area/Body Weight Ratio, child (cm2-yr/kg)
Soil-to-Skin Adherence Factor (mg/cm2-event)
Age-Adjusted Soil-to-Skin Adherence Factor (mg/cm2-event)
Dermal Absorption Factor (unitless)
Target Risk
Averaging Time, carcinogen (days)
Cancer Slope Factor (mg/kg-dayr
Age-Adjusted Ingestion Rate/Body Weight Ratio (mg-yr/kg-day)
Age-Adjusted Skin Surface Area/Body Weight Ratio (cm2-yr/kg)
Particulate Emission Factor
Age-Adjusted Inhalation Rate/Body Weight Ratio (m3-yr/kg-day)
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TABLE C-1
RISK-BASED CONCENTRATIONS FOR SOIL

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

INPUT PARAMETER VALUE

IR soil adult {mglda } 100

IR soil child (mgfday) 200

IF soli ad) (m -yrlk -day) 105.6
IR air adult jm'lday) 26.8
IR air child (ml/day\ 3M
IR air adj (m'.yrlkg-day) 23.8

EF fda ", 240

EDI ,rn 30

ED child (years 6

BW adult (k ) 70
BWchlld{k) 16.6

ATcar(daysl 25550

ATnon child (days) 2190
SA adult (em') 7014
SA-AOJ liFe (cm'.yrlkg) 3541
SA-AOJ child {crn'.yrlkg} 1136
SSAF child (mg/cm'.evenl) 0.2
SSAF adult (mglcm'-evenl) 0.08
SSAF life {mglcm'-eventj 0.116

EV (events/day) ,
PEF (m'lkg) 1.32E+09

Target HI ,
Target Risk 1.00E.(}6

Column for combined gives a concentration that Will not exceed the target rtsk level summed over multiple pathways.
The value can be calculated by taking the inverse of the sum of the inverses of the individual exposure path concentrations.

Toxicity and other NONoCARCINOGEN CARCINOGEN

CHEMICAL OF Chemlcal.SpeciOc Data chJld rosldolll lIreUnte resident

POTENTIAL CONCERN RfDo..
'

CSF..., RfD~.,.., CSF.o<m CSF'nh DABS lngosllon dermal combined' lngllllUon dNmal InhalaUon combined"
{mglkgldj (mglkgldr' (mg/kgldj (mglkg/d)"' (mgikg!d)" {unilless} {mglkgj (mglkgj (mglkgj (mglkg) (mglkg) {mglkgj {mgikgj

4-ehloro_3-Methylphenol

4,fi.Dinilro-2-Melhylphenol

Benzo(ajanthracene 7,3QE·Ol 7,30E-Ol 0.13 1.37E+QO 2.a9E+OO 9.06E-Ol

Benzo{ajp rene 7,30E+00 7,30E+00 3.10E+00 0.13 1.37E-Ol 2.68E.Ql 1.91E+03 9.06E-02

Benzo{b)fiuoranlhene 7.30E.Ql 730E-Ol 0.13 1.37E+00 2.69E+00 9,06E-01

Benzo{k)fluoranthene 7,30E·02 7,30E·02 0,13 1.37E+Ol 2.69E+Ol 9.06E+00

Carbazole 2.00E·02 2.00E-02 0.13 4.99E+Ol 9.80E+Ol 3.31E+01

Ch eo" 7,30E-03 7.30E-03 0.13 1.37E+02 2.88E+02 9.06E+01

Dibenzo{a.h)anthracene 7.30E+00 7,30E+00 0.13 1,37E-Ol 2.66E-Ol 9.06E-02

Indeno(1.2.3--cd)pyrene 7,30E·Ol 7.30E-Ol 0,13 1.37E+00 2.68E+00 9.06E-ol

della-BHC

Dieldrin 5_00E.Q5 1,60E+Ol 5,00E-05 1,60E+01 1,ijOE+Ol 6.31E+00 6.31E+00 6,24E-02 3.70E+02 6.24E-02

Aroelor-12S4 2.00E.QS 2.00E+00 2,00E-OS 2.00E+00 2.00E+OO 0.14 2.52E+00 5.74E+00 1.75E+00 4,99E-01 9.10E-Ol 2.96E+03 3.22E-ol

Antimon 4,00E-04 6.00E-05 5.05E+Ol 5.05E+Ol

Arsenic 3,OOE-04 1.50E+OO 3.00E-04 150E+00 1.51E+Ol 0.03 3,79E+Ol 4.02E+02 3.46E+01 6.66E-01 5.66E+00 3.92E+02 5.95E-ol

Chromium 3,00E-03 7.50E-05 4.10E+Ol 3,79E+02 3.79E+02 1.44E+02 1.44E+02

lead

Manganese 7.20E-02 4.32E·03 9.09E+03 9.09E+03

Mercury 1.00E.04 7,OOE·06 1.26E+Ol 1.26E+01

Nicket 2.00E-02 8.00E-04 2.52E+03 2.52E+03

Vanadium 7,00E.Q3 1.82E-04 8.84E+02 8.84E+02

Zinc 3,00E-Ol 3.00E-Ol 3.79E+04 3.79E+04

2.3.7.8-TeDD l,50E+05 l,50E+05 1.50E+05 0.03 6.66E.Q6 5.66E-05 3.94E-02 5.96E-06

- " "



TABLE C-2
SUMMARY OF RIDEM METHOD 2 DIRECT EXPOSURE CRITERIA

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Residential Ingestion (mg/kg) Res. Inhalation (mg/kg)
Selected

Chemical
, Csat Method 2

carcin non-carcin acute carcin non-carcin
(mg/kg) Concentration

(mg/kg)
2-hexanone 4557
carbon disulfide 7821 121 440 121
chloroethane
chloromethane 49.1 400 0.494 680 0.494
4,6-dinitro-2-methylphenol 175
4-chloro-3-methvlphenol
9H-carbazole 31.9 31.9
benzoic acid 312857 344 344
butylbenzylohthalate 15643 334 334
carbazole 31.9 31.9
di-n-butylphthalate 7821 27160 7821
di-n-octylnhthalate 1564 47424 1564
dibenzofuran 313 164 164
n-nitrosodiphenylamine 130 94.1 94.1
4,4'-000 2.66 320 2.66
4,4'-00E 1.88 358 1.88
4-4'-00T 1.88 39.1 511 16.3 1.88
aldrin 0.038 2.35 0.300 2.18 4949 0.038
aloha-SHC 0.101 0.514 3.58 0.101
beta-BHC 0.355 6.67 0.341 0.341
delta-SHC 203
endosulfan I and II 469 2.32 2.32
endosulfan sulfate
endrin 23.5 5 5.43 5
endrln aldehyde
endrln ketone
gamma-SHC 0.491 23.5 1000 3.14 0.491
heptachlor 0.142 39.1 10 2.67 282 0.142
heptachlor epoxide 0.070 1.02 3.20 58.3 0.070
methoxychlor 391 50 7.82 7.82
2,3,7,8-TCOO 4.26E-06 6.12E-06 1.85E-03 4.26E-06

The following pages support the calculations for each individual exposure pathway.



TABLEC-2
METHOD 2 DIRECT EXPOSURE CRITERIA

BASED ON RESIDENTIAL INGESTION

Residential Default Input Parameters

Oral Ingestion

Term Description Units Value
C Concentration of Contaminant in Soil mg/kg calculated
CPSo Carincogenic Potentcy Slope Factor (Oral) (mg/kg/d)-1 chem-specific
RfDo Reference Dose (Oral) mq/kg/d 'chem-specific
RISK Target Cancer Risk Level dimensionless 1.E-06
HI Hazard Index dimensionless 1
BWa Body Weight (Adull) kg 70
BWc Body Weight (Child Ages 1-6) kg 15
AT Averaging Time (Carcinogens) yr 70
ATe Averaging Time (Child Ages 1-6) yr 6
IRSa Soil Ingestion (Adult) mg/d 100
IRSc Soil Ingestion (Child Ages 1-6) mg/d 200
CF Conversion Factor mg-d/kg-yr 3.65E+08
EF Exposure Frequency d/yr 350
EDa Exposure Duration (Adult) yr 24
EDc Exposure Duration (Child Ages 1-6) yr 6

Chemical
CPSo RfDo Res. Ingestion (mg/kg)

(mg/kg/d)-1 (mg/kg/d) carcin non-carcin
2-hexanone
carbon disulfide 1.00E-01 7821.4286
chloroethane
chloromethane 1.30E-02 49.134615
4,6-dinitro-2-methylphenol
4-chloro-3-melhvlphenol
9H-carbazole 2.00E-02 31.9375
benzoic acid 4.00E+00 312857.14
butylbenzylphthalate 2.00E-01 15642.857
carbazole 2.00E-02 31.9375
di-n-butylphthalate 1.00E-01 7821.4286
di-n-octylphthalate 2.00E-02 1564.2857
dibenzofuran 4.00E-03 312.85714
n-nitrosodiphenylamine 4.90E-03 130.35714
4,4'-DDD 2.40E-01 2.6614583
4,4'-DDE 3.40E-01 1.8786765
4-4'-DDT 3.40E-01 5.00E-04 1.8786765 39.107143
aldrin 1.70E+01 3.00E-05 0.0375735 2.3464286
alpha-BHC 6.30E+00 0.1013889
beta-BHC 1.80E+00 0.3548611
delta-BHC
endosulfan I and II 6.00E-03 469.28571
endosulfan sulfate
endrin 3.00E-04 23.464286
endrin aldehyde
endrin ketone
gamma-BHC 1.30E+00 3.00E-04 0.4913462 23.464286
heptachlor 4.50E+00 5.00E-04 0.1419444 39.107143
heptachlor epoxide 9.10E+00 1.30E-05 0.0701923 1.0167857
methoxychlor 5.00E-03 391.07143
2,3,7,8-TCDD 1.50E+05 4.258E-06



TABLEC-3
METHOD 2 DIRECT EXPOSURE CRITERIA

BASED ON ACUTE INGESTION

Residential Default Input Parameters

Oral Acute Toxicity

Term Description Units Value
TOHA Ten Oav Health Advisory (10 kg child) mg/l chem-speclflc
IRat-w Ingestion Rate of Water lid 1
IRat-s Ingestion Rate of Soil g/d 1
CFat Conversion Factor (Acute Toxicity) kg/g 1,OOE-03

Chemicai
TOHA Non-carcin
(mg/l) (mg/kg)

2-hexanone
carbon disulfide
chloroethane
chloromethane 4,OOE-01 4,OOE+02
4,6-dinitro-2-methylphenol
4-chloro-3-methylphenol
9H-carbazole
benzoic acid
butvlbenzylphthalate
carbazole
di-n-butylphthalate
di-n-octylphthalate
dibenzofuran
n-nitrosodiphenylamine
4,4'-000
4,4'-00E
4-4'-00T
aldrin 3,OOE-04 3,OOE-01
alpha-BHC
beta-SHC
delta-SHC
endosulfan I and II
endosulfan sulfate
endrin 5,OOE-03 5,OOE+OO
endrin aldehyde
endrin ketone
gamma-SHC 1,OOE+OO 1,OOE+03
heptachlor 1,OOE-02 1,OOE+01
heptachlor epoxide
methoxychlor 5,OOE-02 5,OOE+01
2,3,7,8-TCOO



TABLEC-4
METHOD 2 DIRECT EXPOSURE CRITERIA

BASED ON RESIDENTIAL INHALATION

Residential Default Input Parameters

Inhalation

Term Description Units Value
C Concentration of Contaminant in Soil mg/kg calcuiated
RISK Target Cancer Risk Level (Carcinoaens) dimensionless 1.E-06
HI Hazard Index (Noncarcinogens) dimensionless 1
AT Averaging Time (Carcinogens) yr 70
AT Averaging Time (Noncarcinogens) yr 30
URF Inhalation Unit Risk Factor (Carcinogens) (ug/m3)-1 chem-specific
RfC Inhalation Reference Cone. (Noncarcinogen mg/m3 chem-specific
EF Exposure Frequency d/yr 350
ED Exposure Duration yr 30
VF Soil-to-Air Volatilization Factor m3/kg chem-specific
PEF Particuiate Emission Factor m3/kg 4.51 E+09
TA Time Adjustment Factor dimensioniess 1

Chemical
URF RfC VF Res. Inhalation (mg/kg)

(ug/m3)-1 (mg/m3) (m3/kg) carcin non-carcin
2-hexanone
carbon disulfide 7.00E-01 1.66E+02 121.17711
chloroethane
chloromethane 1.80E-06 3.65E+02 0,4935932
4,6-dinitro-2-methylphenol 5.22E+05
4-chloro-3-methvlphenol
9H-carbazole 1.00E+07
benzoic acid 1.12E+04
butylbenzylphthalate 6.81E+06
carbazole 1.00E+07
di-n-butylphthalate 1.18E+08
di-n-octylphthalate 3.82E+07
dibenzofuran
n-nitrosodiphenylamine 3.82E+05
4,4'-DDD 1.62E+07
4,4'-DDE 1.62E+07
4-4'-DDT 9.70E-05 2.05E+07 511.30762
aldrin 4.90E-03 4.39E+06 2.1798828
alpha-SHC 1.80E-03 3.80E+05 0.5135748
beta-SHC 5.30E-04 1,45E+06 6.6657114
delta-SHC
endosulfan I and II 5,42E+05
endosulfan sulfate
endrin 1.52E+06
endrin aldehyde
endrin ketone
gamma-SHC 3.08E+05
heptachlor 1.30E-03 1,43E+06 2.6738459
heptachlor epoxide 2.60E-03 3,42E+06 3.2011931
methoxychlor 2.65E+06
2,3,7,8-TCDD 1.50E+02 3.77E+05 6.116E-06



TABLE C-5
METHOD 2 DIRECT EXPOSURE CRITERIA
VOLATILIZATION FACTOR CALCULATION

Default Input Parameters

Volatilization Factor

Term and Units Value
Q/C (g/m'/s per kg/m') 101.8

T (s) 7.90E+08
o (cm water/g soil) 0.1

p (g/cm ) 1.5
p, (g/cm ) 2.65
P, (g/cm ) 0,434
p. (g/cm ) 0.284

OC (fraction) 0.02

Chemical
D; H Koo Dol K, K.. a VF

(cm'js) (unitless) (cm3/g) (cm'js) (cm3jg) (g-soil/cm3-air) (m3jkg)
2-hexanone 1.51 E+01 O.OOE+OO 0.302
carbon disulfide 1.04E-01 1.24E+00 4.57E+01 8.35E-03 0.914 5.56E+01 7,45E-03 166
chloroethane
chloromethane 1.26E-01 3.62E-01 3.50E+01 1.01 E-02 0.7 2.12E+01 7.69E-03 365
4,6-dinitro-2-methylphenol 2.93E-02 5.76E-05 6.34E+02 2.35E-03 12.68 1.86E-04 6.55E-08 521,873
4-chloro-3-methvlphenol
9H-carbazole 3.90E-02 6.30E-07 3.39E+03 3.13E-03 67.8 3.81E-07 1.78E-10 10,001,573
benzoic acid 5.36E-02 6.31 E-05 6.00E-01 4.30E-03 0.012 2.16E-01 1.34E-04 11,162
butylbenzylphthalate 1.74E-02 5.17E-05 5.75E+04 1,40E-03 1150 1.84E-06 3.85E-10 6,807,458
carbazole 3.90E-02 6.30E-07 3.39E+03 3.13E-03 67.8 3.81E-07 1.78E-10 10,001,573
di-n-butylphthalate 4.38E-02 4.00E-08 3.39E+04 3.52E-03 678 2,42E-09 1.27E-12 118,441,481
di-n-octylphthalate 1.51 E-02 2.74E-03 8.32E+07 1.21 E-03 1664000 6.75E-08 1.22E-11 38,182,902
dibenzofuran 8.73E-03 8.13E+03 O.OOE+OO 162.56 2.20E-03
n-nitrosodiphenylamine 3.12E-02 2.05E-04 1.29E+03 2.50E-03 25.8 3.26E-04 1.22E-07 382,385
4,4'-000 1.69E-02 1.64E-04 1.00E+06 1.36E-03 20000 3.36E-07 6.82E-11 16,173,564
4,4'-00E 1,44E-02 8.61E-04 4,47E+06 1.16E-03 89400 3.95E-07 6.83E-11 16,167,466
4-4'-00T 1.37E-02 3.32E-04 2.63E+06 1.10E-03 52600 2.59E-07 4.26E-11 20,474,795
aldrin 1.32E-02 6.97E-03 2,45E+06 1.06E-03 49000 5.83E-06 9.25E-10 4,393,904
alpha-BHC 1,42E-02 4.35E-04 1.23E+03 1.14E-03 24.6 7.25E-04 1.24E-07 379,937
beta-SHC 1,42E-02 3.05E-05 1.26E+03 1.14E-03 25.2 4.96E-05 8,46E-09 1,452,314
delta-SHC 1.76E-05 1.17E+04 O.OOE+OO 234 3.08E-06
endosulfan I and II 1.15E-02 4.59E-04 2.14E+03 9.23E-04 42.8 4,40E-04 6.07E-08 542,136
endosulfan sulfate
endrin 1.25E-02 3.08E-04 1.23E+04 1.00E-03 246 5.13E-05 7.71E-09 1,521,919
endrln aldehvde
endrln ketone
gamma-SHC 1,42E-02 5.74E-04 1.07E+03 1.14E-03 21,4 1.10E-03 1.88E-07 308,480
heptachlor 1.12E-02 4,47E-02 1,41E+06 8.99E-04 28200 6.50E-05 8.74E-09 1,428,946
heptachlor epoxide 1.32E-02 3.90E-04 8.32E+04 1.06E-03 1664 9.61E-06 1.52E-09 3,423,049
methoxychlor 1.56E-02 6,48E-04 9.77E+04 1.25E-03 1954 1.36E-05 2.55E-09 2,647,086
2,3,7,8-TCOO 1,43E-02 1.63E-03 4.57E+03 1.15E-03 91,42 7.31E-04 1.26E-07 377,Q43



TABLEC·6
METHOD 2 DIRECT EXPOSURE CRITERIA

SOIL SATURATION LIMIT

Soil Saturation (Csat) Default Input Parameters

Term Description Units Value
Csat Soil Saturation Concentration mg/kg calculated
Kd Soil-Water Partition Coefficient Llkg chem-soecific
Koc Organic Carbon Partition Coefficient Llkg chern-specific
OC Organic Carbon Content of Surface Soil % 2%
S Solubility mg/L-water chem-specific
nm Soil Moisture Content weight fract. 0.1
em Soil Moisture Content L-water/kg-soil 0.1

Chemical
Koc S Kd Csat

(Llkg) (mgil-water) (Llkg) (mg/kg)
2-hexanone 1.51 E+01 3.50E+04 3.02E-01 4.56E+03
carbon disulfide 4.57E+01 2.30E+03 9.14E-01 4,40E+02
chioroethane 3.30E+03
chloromethane 3.50E+01 4.00E+03 7.00E-01 6.80E+02
4,6-dinitro-2-methylphenol 6.34E+02 1.28E+02 1.27E+01 1.75E+02
4-chloro-3-methvlphenol 3.85E+03
9H-carbazole 3.39E+03 6.78E+01
benzoic acid 6.00E-01 3,40E+03 1.20E-02 3,44E+02
butylbenzylphthalate 5.75E+04 2.90E+00 1.15E+03 3.34E+02
carbazole 3.39E+03 6.78E+01
di-n-butvlphthalate 3.39E+04 4.00E+02 6.78E+02 2.72E+04
di-n-octylphthalate 8.32E+07 2.85E-01 1.66E+06 4.74E+04
dibenzofuran 8.13E+03 1.00E+01 1.63E+02 1.64E+02
n-nitrosodiphenvlamine 1.29E+03 3.51E+01 2.58E+01 9,41 E+01
4,4'-000 1.00E+06 1.60E-01 2.00E+04 3.20E+02
4,4'-00E 4,47E+06 4.00E-02 8.94E+04 3.58E+02
4-4'-00T 2.63E+06 3.10E-03 5.26E+04 1.63E+01
aldrin 2,45E+06 1.01E+00 4.90E+04 4.95E+03
alpha-BHC 1.23E+03 1,40E+00 2,46E+01 3.58E+00
beta-BHC 1.26E+03 1.30E-01 2.52E+01 3,41 E-01
delta-BHC 1.17E+04 8.64E+00 2.34E+02 2.03E+02
endosulfan I and II 2.14E+03 5.30E-01 4.28E+01 2.32E+00
endosulfan sulfate 1.17E-01
endrin 1.23E+04 2.20E-01 2,46E+02 5,43E+00
endrin aldehyde 2.60E-01
endrin ketone
Iqamma-BHC 1.07E+03 1,40E+00 2.14E+01 3.14E+00
heptachlor 1,41E+06 1.00E-01 2.82E+04 2.82E+02
heptachlor epoxide 8.32E+04 3.50E-01 1.66E+03 5.83E+01
methoxychlor 9.77E+04 4.00E-02 1.95E+03 7.82E+00
2,3,7,8-TCOO 4.57E+03 2.00E-04 9.14E+01 1.85E-03
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DEVELOPMENT OF PRELIMINARY REMEDIATION GOALS FOR

MARINE SEDIMENT (FINAL)

OLD FIREFIGHTING TRAINING AREA

FEASIBILITY STUDY

NAVAL STATION NEWPORT, NEWPORT RHODE ISLAND

INTRODUCTION

The Navy is mandated to develop Risk Based Preliminary Remediation Goals (PRGs) to direct remedial

actions at sites under the Installation Restoration Program. This document has been prepared to support

the Feasibility Study (FS) for the Old Firefighting Training Area (OFFTA) in the development of PRGs for

marine sediment at and adjacent to this site.

A proposed approach for PRG development was provided to the regulatory agencies in January, 2001.

Based on comments received from the USEPA and NOAA, that proposed approach was revised in a

letter to EPA dated March 28, 2001. The methodology described in the revision was used to develop

PRGs as described within this document.

At the OFFTA site, actionable risk from marine sediment was estimated and calculated in the Remedial

Investigation report and supporting documents for sediment under three receptor scenarios.

Development of the PRGs in this document are provided for each receptor scenario in the sections that

follow this introduction:

Part 1 - Human lifetime resident exposure to shoreline sediment

Part 2 - Ingestion of shellfish collected from the nearshore and offshore sediment area

Part 3 - Ecological risk associated with the nearshore and offshore sediment

Part 4 - Summary and Conclusions

To establish cleanup goals for these three receptor scenarios, PRGs were developed for each scenario

separately and applied to the exposure areas described below. Where PRGs overlap, the more

conservative will apply. For the purposes of this document and for the FS, the following clarifications are

made:

Marine Sediment - All intertidal and subtidal substrate including sand, rock, cobble, silt and other

substances that underly the waters of Coasters Harbor and Narragansett Bay.
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Shoreline Sediment - Area along the mid-tide line (represented by Sampling Stations SSD-333 through

SSD-337). Samples were collected and used for human health risk (shoreline recreation scenario) only.

Data available includes bulk chemistry.

Near Shore Marine Sediment - Area along the low-tide line (represented by Sampling Stations OFF-1

through OFF-7). Data available includes bulk sediment chemistry, some shellfish, and porewater.

Samples were collected for ecological risk, but shellfish data was also used for human health risk

evaluation under shellfish ingestion scenarios.

Offshore Marine Sediment - Area beyond the low tide line (represented by Sampling stations SD-08

through SD-21). Data available includes bulk sediment chemistry, fish, shellfish, benthic diversity,

elutriate, toxicity, and porewater. Samples were collected for ecological risk, but shellfish data was also

used for human health risk evaluation under shellfish ingestion scenarios.

PART 1 - DEVELOPMENT OF PRGS BASED ON DIRECT CONTACT WITH SEDIMENT

The human health risks associated with direct contact with contaminants in sediment are presented in the

RI report (TtNUS, October 2000), Table 6-9.12 through 6-9.17. Risks are presented for a lifetime

resident, child resident, adult resident, youth (age 1-12) shoreline visitor, child (age 1-4) shoreline visitor,

and a youth (age 5-12) shoreline visitor. Of these, the lifetime resident would receive the greatest

cumulative exposure to carcinogens and the child resident would have the greatest chronic risk

associated with noncarcinogenic toxicity. No unacceptable noncancer risks were identified for the

residential child, so only the lifetime resident cancer risks were considered in developing PRGs.

Chemicals selected as COCs for sediment were identified in the human health risk assessment presented

in the RI report. Each contaminant associated with greater than 1E-06 lifetime residential cancer risk and

include arsenic, benz(a)anthracene, benzo(a)pyrene, benz(b)fiuoranthene, and dibenz(a,h)anthracene.

The following equation was used to calculate PRG sediment concentrations for these substances at

various target risk levels:

. .. Target Risk Level
PRG =Exposure Pomt Conc. m Sediment x ------'='------

Risk at Exposure Point Conc.

Exposure point concentrations used for this calculation were those used to calculate reasonable

maximum exposures for lifetime residential exposure to sediments during shoreline recreation (Table

6-8.25 of the RI report). Target cancer risk levels are 1E-06, 1E-05, and 1E-04. "Risks at the exposure

point concentration" are presented in Table 6-8.25 of the RI report also, and reflect the risk from the sum

of the combined exposure routes (ingestion and dermal contact).
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Sediment concentrations that would yield target cancer risk levels of 1E-06, 1E-05, and 1E-04 are

presented in Table 1.1. This method of PRG estimation is based on the proportionality established in the

RI report between estimated risk and exposure point concentrations and therefore incorporates the same

residential exposure assumptions delineated in the RI report.

PART 2 - DEVELOPMENT OF SEDIMENT PRGS BASED ON SHELLFISH CONSUMPTION BY

HUMANS

The human health PRGs for shellfish consumption are based upon a iifetime cancer risk for the

recreational fisherman. These receptors have the greatest exposure among the piausible receptors

considered for the site.

Although the subsistence fishing scenario was evaluated in the Human Health Risk Assessment (TtNUS,

2000), the subsistence fishemnan was not considered a plausible receptor because of lack of evidence for

this type of activity occurring in the vicinity of the site and because land use patterns indicate that

subsistence fishing is improbable in the foreseeable future.

The modeling of biouptake and risks was performed using lobster data, which is a conservative

assumption because data for clams and mussels yielded lower shellfish tissue concentrations and hence

lower cancer and noncancer risks for the recreational receptors.

The approach taken to estimate PRGs for sediment from shellfish ingestion risk uses three basic steps.

The first is to estimate the shellfish concentrations corresponding to a threshold risk (Tissue PRG). The

second is to convert the Tissue PRG to dry weight. Thirdly, the average Bioaccumulation Factor (BAF)

determined in the ERA (SAIC, 2000) is used to estimate the sediment concentration that would be

associated with the target tissue concentration. Table 2.1 presents the tissue EPCs for lobster, the

associated cancer and noncancer risks for recreational fishing, the derived site-specific bioaccumulation

factors, and the final PRGs for sediment considered protective for shellfish ingestion.

STEP 1 - Estimate Exposure Point Concentrations and Tissue PRGs

The list of COPCs used to develop the PRGs for shellfish ingestion were taken from the HHRA, presented

in the RI report. These consist of chemicals that are associated with a threshold cancer risk of greater

than 1E-06 or a significant noncancer toxicity as measured by a hazard quotient (HQ) exceeding 1.0.

The list of COCs was developed in the most comprehensive manner considering all receptors used in the

RI report, including the subsistence fisherman. COPCs selected in this manner are presented in the first

column of Table 2.1.
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The following equation was used to calculate PRG Tissue concentration for these substances at various

target risk levels:

T · PRG E . . . h llfi h ' Target Risk LevelIssue = xposure pomt concentratIon m s e s ~ -,---,-----"----,-------
Risk lit Exposure Point Concentration

Exposure point concentrations used for this calculation were those used to calculate reasonable

maximum exposures for the lifetime recreational fishermans consumption of lobster. Target cancer risk

levels are 1E-06, 1E-OS, and 1E-04. Risks at exposure point concentrations (lobster ingestion) are

presented in Table 6-8.32 of the RI report.

In the OFFTA RI, arsenic risks in fish were based on EPA's oral slope factor, which in turn is based on

studies performed using arsenic trioxide. However, arsenic in seafood exists in an organic state known

as arsenobetaine. Approximately 80 to 90 percent of the arsenic available in seafood is in the organic

form, which is not toxic (taken from Guidance Document for Arsenic in Shellfish, USFDA, January, 1993).

Therefore, the levels of risk estimated for arsenic in seafood at the OFFTA site are overestimates by as

much as a factor of 10 because they are not based on toxicity values for arsenobetaine, but rather on

inorganic arsenic, which has been demonstrated to be much more toxic than arsenobetaine. Therefore,

to compensate for this overestimate of risks in the OFFTA RI, the cancer risk presented in the RI was

adjusted downward by a factor of 10 to account for a low bioavailability of arsenic in seafood.

STEP 2 - Conversion of Tissue PRG to Dry Weight

Note that sediment data are in dry weight units and tissue data are in dry weight units for the BSAF and

BAF values to be meaningful. This required that the tissue PRG be converted to a dry weight value as

follows:

tissue PRG (dry wt.)=tissue PRG (wet wt.) x 100
(average percent solid of fish tissu e samples)

STEP 3 - Calculate the Sediment PRG

Bioaccumulation Factors (BAFs) and Biota-Sediment Accumulation Factors (BSAFs) are used to convert

tissue concentrations to sediment concentrations.
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For metals, the bioaccumulation factor (BAF) equals the median across all sampling locations of the ratio

of tissue concentration for shellfish caught at a given location divided by the sediment concentration at

that iocation:

BAF = tissue concentration (dry wt.)

sediment concentration (dry WI.)

For organics, the biota-sediment accumulation factor (BSAF) equals the median across all sampling

locations of the ratio of the tissue concentration normalized to lipid content divided by the sediment

concentration normalized to TOC:

BSAF
[tissue concentration (dry wt.) j lipid concentration (%)]

[sediment concentration (dry wt.) j TOe (%)]

Calculated BAF and BSAF values are presented in Table 2.1

The sediment PRG for metals Is calculated as follows:

sediment PRG for metals =_ti_ss_u_e_P_R_G-.-::(_dry-,-wt--,-.)
BAF

The sediment PRG for organics is calculated as follows:

sediment PRGfor organics
[average TOe cone. x tissue PRG (dry wt.) javerage tissue lipid cone.]

BSAF

Sediment concentrations that would yield target cancer risk levels of 1E-06, 1E-05 , and 1E-04 for

recreationai consumption of shellfish are presented in Table 2.1. This method of PRG estimation is

based on the proportionality established in the RI report between estimated risk and shellfish exposure

point concentrations (this incorporating the same recreational fisherman exposure assumptions

delineated in the RI report) and on the ration of shellfish tissue concentrations to sediment concentrations

from colocated samples as determined in the ERA.
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PART 3 - DEVELOPMENT OF ECOLOGICAL PRGS

PRGs for the nearshore and offshore marine sediments were developed to protect benthic and epibenthic

receptors from adverse risks from contaminants present in the sediment. These PRGs were developed

based on the data collected in the ecological risk assessment (SAIC, 4/00) for the site.

The basic assumption used for the development of these PRGs is that exposure of benthic and

epibenthic receptors to sediment contaminants can be determined by measuring (for metals) or

estimating (for organic chemicals) the contaminant concentrations in pore water. The basis of the

assumption is presented in detail in the document Technical Basis for Deriving Sediment Quality Criteria

for Nonionic Organic Contaminants for the Protection of Benthic Organisms by Using Eguilibrium

Partitioning (USEPA, 1993).

To summarize, scientific evidence indicates that the partitioning of the chemical between sediment

organic carbon and pore water is at equilibrium. Because the chemicals are at equilibrium, a benthic or

epibenthic organism would likely receive an equivalent exposure from a water-only exposure or from any

equilibrated phase (from sediment carbon via ingestion, from pore water via respiration, or a mixture of

both pathways).

Based on this assumption, the exposure of an organism to a contaminant in the sediment can be

estimated by measuring any of the exposure routes. The pore water exposure route was selected for the

development of these PRGs. The following text describes the steps that are used to calculate the PRGs

for this site using pore water data. Tables 3.1 through 3.11 take the data through the calculation steps as

referenced in the text of each step.

Step 1 - Identify the Water Quality Screening Value /WQSV)

The primary objective of this step is to identify the WQSVs that will be compared to the pore water

concentrations (see Step 2). Table 3.1 presents the WQSVs that were used for PRG development for this

site, and the sources of the values.

The prioritization of use of each of the sources to obtain or calculate the WQSVs was developed as

follows: The chronic saltwater RIDEM Water Quality Criteria 0NQC) were given first priority. If none was

available, saltwater acute RIDEM WQC were used (RIDEM, 2000). Where acute WQC were used, the

acute criteria was divided by chemical-specific acute to chronic ratios to estimate the chronic value

(TtNUS 2001). Freshwater WQC were used for parameters that did not have saltwater values. Chronic

USEPA Recommended WQC (USEPA, 1999) were used next, followed by chronic values presented in
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Buchman (1999). Finally, if no water values were available at all, the following equilibrium partitioning

equation was used to calculate a WQSV from a sediment benchmark (Le., ER-Ls from Long et ai., 1995):

WQSV =(Sediment Benchmark)/(Koc*TOC/100)

Where: WQSV =Water Quality Screening Value (ug/L) I

Sediment Benchmark =Sediment Screening Level (ug/kg)

Koc =Organic Carbon Partition Coefficient (Ukg)

TOC =Total Organic Carbon (mg/kg) (assumed 1% TOC)

Step 2 - Determine the Pore Water Concentrations

The primary objective of this step is to obtain a pore water concentration for each contaminant detected.

For metals, the pore water concentrations were obtained by extracting the pore water from the sediment

sample and analyzing the pore water directly. Because a large quantity of pore water is needed to

achieve low detection limits for organic chemicals, the pore water concentrations for organic chemicals

were estimated by substituting the measured sediment concentration for the sediment benchmark in the

equation presented in Step 1.

The sediment concentrations that are used for the pore water calculation are presented in Table 3.2.

Note that one-half of the detection limit was used for non-detected parameters. Table 3.3 presents the

calculated pore water concentrations (for the organic parameters) and the measured pore water

concentrations (for the inorganic parameters). The pore water concentrations for the High Molecular

Weight (HMW) PAHs, Low Molecular Weight (LMW) PAHs, and total PAHs were calculated by summing

the calculated pore water concentrations of the applicable individual PAHs.

Step 3 - Identifv Toxic and Non-Toxic Samples

The primary objective of this step is to identify which sediment samples were found to be toxic and non

toxic. using both toxicity tests (amphipods and sea urchins) conducted under the ERA for OFFTA (SAIC,

2000). A description of the tests is presented in the ERA (SAIC, 2000). For the amphipod test, toxic

samples are defined as those that have a statistically significant reduction in survival versus the control

and are less than 80% of the mean control survivai. For the sea urchin test, toxic samples are defined as

those that have abnormal development in 50 percent or less pore water concentrations. Table 3.4

summarizes the list of toxic and non-toxic samples.
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Step 4 - Group Toxic and Non-Toxic Samples

The objective of this step is to group the toxic and non-toxic samples for each of the toxicity tests so that

a 95% upper limit (UL) of the pore water concentrations can be caiculated for each data set. The Shapiro

and Wilk "W-test" (for sample sets </=50) was used to determine whether the data were normally or

lognormally distributed. Then an appropriate statistic method is selected to calculate the 95% UL. If the

distribution of the data is undefined, than the 95% UL detection is used as the pore water for that data

group. The maximum detection is used if there are less than 11 samples in a data group.

Table 3.5 presents the summary statistics for the non-toxic and toxic sea urchin samples and the non

toxic amphipod samples. No summary statistics were calculated for the toxic amphipod sample since

only one sample was toxic (that collected from station OFF-5) and the pore water concentrations for that

sample are presented in Table 3.3. Also note that 95% ULs were not calculated for the toxic sea urchin

samples because an inadequate number of samples was available for the calculations. Therefore, the

maximum concentrations were selected as the pore water concentrations to represent this data set.

Step 5 - Develop the Non-Toxic Pore Water Concentration

The objective of this step is to determine the pore water concentration (95% Upper Limit (UL) or

maximum detection) that is associated with the non-toxic samples. This concentration will then be the

basis of the PRG.

The first part of this step involves comparing the selected pore water concentrations (95% UL or

maximum) of the non-toxic samples for each receptor (Step 4) to the WQSV (Step 1). The second part of

this step involves comparing the maximum concentration in the toxic samples to the non-toxic

concentration and to the WQSV. This comparison is presented on Table 3.6.

If the non-toxic pore water concentration exceeds the WQSV, and if the toxic pore water concentration

exceeds the non-toxic concentration, the non-toxic porewater value is named the No Observed Effects

Concentration (NOEC) for that receptor. If the toxic pore water concentration exceeds the WQSV, but the

non-toxic concentration does not exceed the WQSV, than the WQSV is selected at the NOEC for that

parameter. Contaminants that are thus selected are retained for further PRG development.

For the sea urchin, NOECs were determined for two metals and fourteen PAHs (along with HMW, LMW,

and total PAHs). For the amphipod, NOECs were determined for one metal and fourteen PAHs (along

with HMW, LMW, and total PAHs). These chemicals are listed on Table 3.6. None of the pesticides or

total PCBs had pore water concentrations that were greater than the WQSV and were retained as Aquatic

NOECs.
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The last part of this step is to select the lower of the two NOECs that were retained for PRG development

between the two receptors as the Aquatic NOEC. Therefore, Aquatic NOECs were determined for two

metals and fourteen PAHs (along with HMW, LMW, and total PAHs).

As part of Step 5, the SEM-AVS results for both sample sets were compared to the screening value of 5

umollg. All of the data were below the screening value. This indicates that metals are not causing the

toxicity measured in the urchin and amphipod tests.

USEPA has developed Draft Sediment Guidelines for six metals [Draft Eguilibrium Partitioning Sediment

Guidelines (ESGs) for the Protection of Benthic Organisms: Metal Mixtures (Cadmium, Copper, Lead,

Nickel, Silver. and Zinc), 2000]. The USEPA document establishes two sets of guidelines for evaluating

sediment. The first guideline is based on Acid Volatile Sulfide (AVS) and Simultaneously Extracted Metal

(SEM) data, and the second guideline is based on a comparison of dissolved metals concentrations in the

pore water to water quality criteria. The USEPA document indicates that either of the two guidelines may

be used for evaluating sediment. This discussion focuses on the SEM-AVS guideline, because the pore

water samples were not filtered.

The basis premise of the SEM-AVS guideline is that if there is more AVS than SEM (on a molar basis) in

a sample, than the AVS will bind the six simultaneously extracted metals (cadmium, copper, lead, nickel,

silver, and zinc) and they will not be toxic (USEPA, 2000). The following equation is used to represent

this process:

LSEM-AVS::: 1.0 =non-toxic sediment from the SEM metals

The SEM-AVS guideline also can be normalized to the fraction of organic carbon in the sediment (foe) by

dividing the SEM-AVS value by the foe (USEPA, 2000). Based on the nonnalized guideline, toxicity is not

likely to occur when the concentration of SEM-AVS is <130 flmol/goe, toxicity is likely when the

concentration is >3,000 flmol/goe, and toxicity is uncertain when the concentration is between 130 and

3,000 flmol/goe. The organic carbon normalization does not appear to work for silver (USEPA, 2000).

Table 3.7 summarizes the SEM-AVS results (normalized and un-normalized) for each station. Two of the

twenty-three stations had SEM-AVS values that were slightly greater than 1.0 (1.23 at Station OFF-1 and

1.51 at Station OFF-3). With two exceptions, the remaining stations had SEM-AVS values that were well

below 1.0. Only one of the stations had a normalized SEM-AVS value that was slightly greater than 130

flmoll9oe (OFF-4 =168 flmoI/goe). Finally, although silver was not included in the SEM analysis, when

AVS is present, any silver in the sediment is not of toxicological concern and none should occur in the

interstitial water (USEPA, 2000).
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Table 3.7 also presents the metals concentrations in sediment that are included in the SEM analysis. The

stations that had the overall highest concentrations of the metals [i.e., OFF-2 (zinc) OFF-7 (lead), OFF-13

(copper, lead, zinc), and OFF-14 (copper, lead, zinc)] had SEM-AVS values that were less than 1.0. In

fact, Stations OFF-7, OFF-13, and OFF-18 had the lowest SEM-AVS values of -37, -13, and -36,

respectively.

In summary, PRGs will not be calculated for the two SEM metals (copper, and lead) with pore water

concentrations that were greater than the WQSV because based on SEM-AVS values presented on

Table 3.7, none of these metals are expected to cause toxicity at most of the stations. Metals

concentrations that were greater than the WQSV were probably caused by particulates in the sample,

because the samples were not filtered. The metals that are bound to particulates are not expected to be

bioavailable or cause toxicity to aquatic organisms. The station with the highest SEM-AVS values

(normalized and non-normalized) was Station OFF-4, and neither the pore water or sediment was toxic at

this station. Therefore, PRGs for these metals are not necessary.

Step 6 - Select the Toxicity Effects Value (TEVI

The objective of this step is to calculate a TEV for each parameter with an Aquatic NOEC, which will be

used to select limiting Contaminants of Concern (COCs) in Step 7. This step is done to ensure that the

PRGs will not be below the reference concentrations.

Table 3.8 presents the Aquatic NOEC from Step 5, the pore water concentrations for the two reference

stations (OFF-22 and OFF-23), and the TEV, which is the higher of the three values. Neither reference

station had higher pore water concentrations than the Aquatic NOECs, so the Aquatic NOEC becomes

the TEV for all contaminants.

Step 7 - Determine the Limiting COCs

The objective of this step is to limit the number of contaminants for which PRGs are developed to the

contaminants that are causing the highest risk at each station. The assumption is that if the contaminants

that are causing the highest risk at a station are remediated, the remaining contaminants will be

remediated in the same proportion. Therefore, the remaining contaminants will not be present at

concentrations that are causing a risk to the aquatic receptors.

This step is done by dividing the pore water concentrations presented in Table 3.3 by the TEVs from

Table 3.8 at each station (except the reference stations) to get a TEV-Hazard Quotient (TEVHa). These

TEVHQ values are presented in Table 3.9. The chemical with the highest TEVHQ for a station is the
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limiting COC for that station. The list of limiting COCs across all of the stations is the list of limiting COCs

for the site. Note that the same chemicai may be a limiting COC at more than one station. Aiso, a limiting

COC is not determined for a station if the sum of all the TEVHQs for that station is less than 1.0, because

the sum of those chemicals at the site are not expected to adversely impact the aquatic organisms.

Table 3.9 presents the limiting COC calculation for the site. The following four PAHs were retained as

limiting COCs across the site: acenaphthalene, dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene, and

2-methylnaphthalene.

Step 8 - Calculate the Baseline PRG

The objective of this step is to convert the pore water-based TEVs into sediment-based PRGs. The

sediment PRGs are calculated using the following equation at each station and then averaging the values

for each station across all of the stations for the final PRG:

Where:

PRG(station)
Cs

TEVHQ

PRG =
Cs =
TEVHQ =

Preliminary remediation goal (ug/kg)

Chemical concentration in the sediment (ug/kg)

Toxicity Effects Value Hazard Quotient (ug/L) (From Step 7)

(S't ) PRG(station)
PRG Ie = L:

number of stations

Table 3.10 presents the calculated PRGs for each station and the average PRGs across all of the

stations. Note that the PRGs that are calculated for each station are used to calculate the average PRG

for the site. They are not used as a station-specific PRG to evaluate the sediment at that station.

PART 4 - SUMMARY

This section summarizes the PRGs calculated in the previous sections, and provides some discussion of

risk management. The risk management step, at this stage of the CERCLA process, is intended to

assure that the cleanup criteria that are selected are applied in a sensible and logical manner. In the

following sections, the calculated PRGs are compared for commonality. High risk areas for the various

endpoints should correlate, and areas exceeding PRGs for these endpoints should also agree.

0-11



Recreational Exposure to Sediment

Shoreline sediment PRGs for lifetime resident recreational exposure to shoreline sediment were

calculated for arsenic, benzo(a)pyrene, benz(a)anthracene, benzo(b)fluoranthene, and

dibenz(a,h)anthracene. These PRGs are developed for site specific contaminants targeted to the 1E-6

risk level to ensure total cancer risks are less than RIOEM criteria of 1E-5. The PRGs are based on the

parameters in the risk assessment. Risks were based on ingestion of sediment at rates of 1DOg (child)

and 50g (adult) with an increased risk of cancer over a 70 year lifetime. The risk-based PRG for arsenic

defaults to the agreed-on background arsenic level (6.2 mg/kg) to assure that the final PRG is not below

background. Table 4.1A compares sediment contaminant concentrations to these PRGs. Those

exceeding the PRGs are depicted as backlit values. This table shows that one or more of these PRGs

are exceeded at all shoreline sediment stations sampled.

Shellfish Ingestion

Nearshore and offshore sediment PRGs based on lifetime recreational ingestion of shellfish were

calculated for arsenic, cadmium, chromium, mercury, PCBs, and five PAH compounds. These PRGs are

developed for site specific contaminants targeted to the 1E-6 risk level to ensure total cancer risks are

less than RIOEM criteria of 1E-5. Table 4-1 B depicts sediment data compared with these PRGs

calculated for ingestion of lobster. Backlit values depict sediment contaminant concentrations exceeding

PRGs for lobster ingestion.

PRGs for PAHs were exceeded at one offshore station, SO-410. Since this location is within the eelgrass

bed and appears to be a local hot spot that may be more associated with a nearby outfall than with the

site, the concentrations at and near this station should be verified through additional sampling during

future POI efforts.

Arsenic was adjusted to 10% of its tissue concentration to approximate the availability of this compound

in shellfish tissue (Section 2). Nonetheless, the PRG for arsenic correlating to a cancer risk of 1E-6 was

calculated to be 5.48 mg/kg. This value was exceeded at several offshore sample stations, and was

exceeded at two nearshore sample stations (OFF-1 and OFF-2). The locations where arsenic was

exceeded did not match those where PAHs were exceeded, and did not seem to have any spatial pattern

at all.

The shellfish PRGs were calculated based on ingestion of lobster taken recreationally from the site over a

lifetime period. In addition to predicting the risk to the persons ingesting this lobster, the PRG is also

based on predicting the uptake of the contaminants by the lobsters collected and providing those
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contaminants in a bioavailable fonn to the persons collecting them. This adds several layers of

uncertainty as documented in this and the RI report.

Ecological Exposures

Marine sediment PRGs based on ecological receptors were calaulated for four PAH compounds. Table

4-1 C depicts sediment data compared with these PRGs calculated for ecological receptors. Contaminant

concentrations in sediment exceeding PRGs are backlit values on this table. Ecological PRGs are based

on complex algorithms that correlate concentrations of contaminants in sediments to contaminants in

porewater, and then correlates those concentrations to measured toxicity. Table 4.1 C indicates that the

exceedances of these PRGs are limited to OFF-3, 5, and 6. Exceedances were also noted at OFF-18 to

the east of the study area, and at SO-41 a on the west side of the study area.

Risk Management

This section focuses on uncertainties noted in the risk assessments and the correlation of the COCs

exceeding PRGs and locations of actionable concentrations. Table 4.2 provides a summary of the

calculated PRGs for the OFFTA site, based on the three receptor scenarios described in the previous

sections of this document.

Only one contaminant, dibenzo(a,h)anthracene, was selected as a COC and exceeded the calculated

PRG for all three risk endpoints. Other PAHs were selected as COCs and calculated PRGs were

exceeded, but not so for all three risk endpoints. Only one inorganic contaminant was found to exceed

PRGs, that for arsenic, and this was exceeded under the ingestion of lobster and lifetime exposure

endpoint.

Spatially, the PRGs calculated for PAHs were exceeded at the nearshore stations. This observation is

supported by the conceptual site model which indicates that contaminants from oils and combustion

during the firetraining exercises would have flowed down-gradient to the shoreline. The locations where

arsenic exceeded the calculated PRG for lobster ingestion did not correlate to any of the locations where

PAHs exceeded PRGs, nor did the locations of these exceedances show a pattern.

The exceedance of the ecological PRG at OFF-18 was limited to the 1.6-1.8 foot interval, and no

exceedances were noted in surface sediments or deeper sediments at this location, or at samples taken

at SO-468 and SO-469, both located nearby. Because this appears to be a small pocket of contamination

beyond the zone of bioturbation, it should not be considered actionable.
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The exceedances at SD-41 0 is notable since the concentrations of PAHs at this location were the highest

found in the study area. Additional sampling should be directed at this location during future predesign

work to determine the size of this apparent hot spot, and to determine if it requires action.

The value of 5.48 mg/kg for arsenic is below the 6.2 mg/kg value established by RIDEM for background

soils for Coasters Harbor island. The value of 6.2 mg/kg was established to account for what appears to

be anthropogenic occurrence of arsenic in soils. Such an incidence may also be found in sediments. The

arsenic concentrations in surface sediment sampled at the site (those sediments to which lobsters could

be exposed) range from 2.7 mg/kg to 8.5 mg/kg with an average concentration of 4.97 mg/kg.

Data review indicates that arsenic levels exceed the 5.48 mg/kg value at OFF-1 (6.3 mg/kg), OFF-2 (8.0

mg/kg), OFF-7 (6.8 mg/kg), OFF-13 (6.0 mg/kg), OFF-14 (8.5 mg/kg), and OFF-19 (5.8 mg/kg). None of

the locations where arsenic exceeds the 5.48 mg/kg value match the areas where other PRGs are

exceeded. Two of the exceeding locations, OFF-14 and OFF-19, are the locations closest to the Newport

treatment plant outfall (northwest of the site) and two others (OFF-1 and OFF-2) are down-current from

that outfall. Arsenic in the action areas delineated by exceedances from the other PRGs range from 3.6

mg/kg to 4.3 mg/kg, showing no co-location.

Finally, if actions are taken on PAHs alone, and no actions were taken based on arsenic, the hypothetical

maximum risk (based on maximum detected arsenic value {8.5} and assuming bioavailability) would be

only slightly above 1E-6 and well below 1E-5. The risk based on the average of all arsenic detects

(5 mg/kg) would be less than 1E-6.

These observations indicate that the PAHs exceeding the PRGs appear to be a good indicator of site

related contamination, and would be better suited to direct a remedial or corrective action. Contrarily, the

PRG for arsenic is not correlative with the PAHs and does not support the site model, and therefore is not

recommended for use in selection or direction of remedial actions.

Figure 1 presents the action areas that are proposed based on the PRGs selected in this document, and

based on the data that was available during the PRG development.
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TABLE 1.1
SHORELINE SEDIMENT PRGS

RESIDENTIAL CONTACT WITH SEDIMENT, LIFETIME RECREATIONAL EXPOSURE
NSN NEWPORT, RHODE ISLAND,

Substance Exposure Point Estimated Risk at PRGs at various risk levels"
Concentration" Exposure Pt. Cone. 1.00E-04 1.00E-05 1.00E-OG

Arsenic 6.53 6.09E-06 107.31 10.73 1.07
Benz(a)anthracene 1900 1.42E-06 133821 13382 1338
Benzo(a)pyrene 1400 1.05E-05 13382 1338 134
Benzo(b)f1uoranthene 1700 1.27E-06 133821 13382 1338
Dibenz(a,h)anthracene 290 2.17E-06 13382 1338 134

"Units are ug/kg for organics, mg/kg for inorganics.



Table 2.1
Sediment PRG Summary

Lifetime Recreational Fisherman Exposure to Lobster
NSN, Newport, Rhode Island

Tissue Concentration PRGs· Sediment Concentration PRGs·
1E-4 1E-5 1E-6 1E-4 1E-5 1E-6

Tissue Noncancer Cancer Noncaneer Cancer Cancer Cancer Median Median Noncaneer Cancer Cancer Cancer
Substance EPC· Risk Risk (HI =1) Risk Risk Risk BAF BSAF (HI =1) Risk Risk Risk

Arsenic"'* 8.55 0.0652 9.74E-06 1.31 E+02 8.78E+01 8.78E+00 8.78E-01 0.97 819 548 54.8 5.48
Cadmium 12.7 0.291 4.36E+01 26.165 10
Chromium 17.1 0.13 1.32E+02 0.215 3708
Mercury 3.53 0.807 4.37E+00 11.41 2.3
Total PCB Congeners 265 0.303 4.03E-06 8.75E+02 6.58E+03 6.58E+02 6.58E+01 1.075 17450 1745 175
Dieldrin"'** 4.47 5.43E-07 8.23E+02 8.23E+01 8.23E+00 ... ... ... ...
Benz(a)anthracene 94.6 5.25E-07 1.80E+04 1.80E+03 1.80E+02 0.015 3426991 342699 34270
Benzo(a)pyrene 172 9.54E-08 1.80E+03 1.80E+02 1.80E+01 0.005495 936019 93602 9360
Benzo(b)fluoranthene 187 1.04E-06 1.80E+04 1.80E+03 1.80E+02 0.01 5129566 512957 51296
Dibenz(a,h)anthracene 3.74 2.07E-07 1.81 E+03 1.81 E+02 1.81E+01 0.007645 674211 67421 6742
Indeno(1,2,3-cd)pyrene 101 5.60E-07 1.80E+04 1.80E+03 1.80E+02 0.007095 7251925 725193 72519
Shaded values are changes In the draft final.
*EPC and PRG Units are mg/kg for inorganics, ug/kg for organics
*"'Arsenic tissue EPCs are adjusted for As bioavaiiabiJity - see text
Average tissue %solids: 16.5
Average tissue % lipids: 5.651
Average sediment %TOC: 2.66
***Sediment PRG and BAF not calculable because substance not detected in sediment.
BAF and BSAF data from Appendix 0-8-1, in Technical Support Document for the Marine Ecological Risk Assessment, OFFTA, Naval Station, Newport RI, December 1998



TABLE 3-1
WATER QUALITY SCREENING VALUES

ECOLOGICAL PRG DEVELOPMENT STEP 1
OLD FIRE FIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT RHODE ISLAND
PAGE 1 OF 3

Water Quality Screening Values (ug/L) Sediment Benchmarks (ug/kg) Final WQSV (ug/L)
Freshwater ISaltwaterIsaltwaterl

I Value ICommentParameter KOC(1) Chronic Acute Chronic Source Value Source

Polyaromatlc Hydrocarbons
1-Methylnaphthalene 7994 NA
1-Methylphenanthrene 98610 NA
2,3,5-Trimethylnaphthalene NA NA
2,6-Dimethylnaphthalene 34034 NA
2-Methylnaphthalene 7994 70 (7) 0.88 A
Acenaphthene 7139 710 (11 ) 710 B
Acenaphthylene 9581 44 (7) 0.46 A
Anthracene 29712 85.3 (7) 0.29 A
Benzo(a)anthracene 401218 261 (7) 0.065 A
Benzo(a)pyrene 1014869 430 (7) 0.042 A
Benzo(b,j,k)fiuoranthene 1244171 1800 (11 ) 0.14 A
Benzo(e)pyrene 1014869 NA
Benzo(g,h,i)perylene 3858158 720 (8) 0.019 A
Biphenyl 7816 1100 (12) 14 A
Chrysene/triphenylene 401218 384 (7) 0.10 A
Dibenzo(a,h)Anthracene 3771812 63.4 (7) 0.0017 A
Fluoranthene 107954 16 (11 ) 16 B
Fluorene 13763 19 (7) 0.14 A
Indeno(1,2,3-cd)pyrene 3445323 690 (8) 0.020 A
Naphthalene 2010 2350 (11 ) 633 D
Perylene 885992 NA
Phenanthrene 29712 4.6 (11 ) 4.6 B
Pyrene 105538 665 (7) 0.63 A
Sum PAHs (6 High Molecular Weight) 1014869 1700 (7) 0.17 A
Sum PAHs (7 Low Molecular Weight) 11483 552 (7) 4.8 A
Sum PAHs (NOAA Status &Trends) 107954 4022 (7) 3.7 A



TABLE 3-1
WATER QUALITY SCREENING VALUES

ECOLOGICAL PRG DEVELOPMENT STEP 1
OLD FIRE FIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT RHODE ISLAND
PAGE 2 OF 3

PCBslPest,cldes

Water Quality Screening Values (ug/L) Sediment Benchmarks (ug/kg) Final WQSV (ug/L)

Freshwater ISaltwaterIsaltwaterl
I Source Value I CommentParameter Koe(1} Chronic Acute Chronic Source Value

..

1a,2a,3b,4a,5a,6b-
hexachlorocyclohexane (lindane) 5566 0.16 (2) 0.160 D
2,4'-DDE 4419366 0.001 (2,6) 0.001 B
2,4'-DDT 4419366 0.001 (2) 0.001 B
4,4'-DDD 992156 0.001 (2,6) 0.001 B
4,4'-DDE 4419366 0.001 (2,6) 0.001 B
4,4'-DDT 4419366 0.001 (2) 0.001 B
Aldrin 2453466 1.3 (2) 0.16 C
alpha-Chlordane 2453466 0.004 (2) 0.004 B
Heptachlor 2453466 0.0036 (2) 0.0036 B
Heptachlor Epoxide 2453466 0.0036 (2) 0.0036 B
Hexachlorobenzene 616808 22 (8) 0.0036 A
Mirex 5931301 0.001 (4) 0.001 B
trans-Nonachlor 5668785 NA
PCBs NA 0.03 (2) 0.03 B
Metals
Aluminum NA 87 (2) 87 C
Arsenic NA 36 (2,3) 36 B
Barium NA NA -
Cadmium NA 9.4 (2,3) 9.4 B
Chromium NA 50 (2,3) 50 B
Copper NA 3.7 (2,3) 3.7 B
Iron NA 1000 (4) 1000 C
Lead NA 8.5 (2,3) 8.5 B
Manganese NA NA
Mercury NA 1.1 (3,4,5) 1.1 B
Nickel NA 8.3 (2,3) 8.3 B
Silver NA 0.92 (3, 13) 0.92 B
Zinc NA 86 (2,3) 86 B



TABLE 3-1
WATER QUALITY SCREENING VALUES

ECOLOGICAL PRG DEVELOPMENT STEP 1
OLD FIRE FIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT RHODE ISLAND
PAGE 3 OF 3

Water Quality Screening Values (ugIL) Sediment Benchmarks (uglkg) Finai WQSV (ugIL)
Freshwater ISaltwaterISaltwaterI

I Source Value ICommentParameter Koe(1) Chronic Acute Chronic Source Vaiue

IsEM-AVS NA __---'5'---_-'---'("-"10,,-,)_,---,,-5_-"-----'E'----.J
Sources of Data
1 - See Table 4 for source of Koc values

2 - RIDEM Ambient Water Quality Criteria and Guidelines for Toxic Pollutants, Appendix B, amended June 2000

3 - Values are based on total metals because the pore water samples were not fillered
4 - USEPA National Recommended Water Quality Criteria (USEPA, 1999)

5 - The mercury value from USEPA (1999) was used because it is based on protecting aquatic life. The RIOEM value is based on protecting wildlife,

which is not an endpoint of the PRGs.

6 - Used the DDT value as a surrogate for DOD and DOE

7 - ER-L value from Long el aI., (1995)
8 ~ Apparent Effects Threshold value (Option 2 - with mixcotox data excluded) from PTI (1989)

9 ~ Used the value for benzofluoranthenes
10 - Source of SEM ~ AVS value of 5 umole/g dry weight is USEPA (1997)

11 - Lowest Observed Effects Levels cited in Buchman (1999)
12 ~ Sediment Quality Benchmark from USEPA (1996)
13 ~ Proposed Value in the Water Quality Criteria Summary Table (USEPA, 1991)

Comments

A ~ Value was calculated from sediment benchmark using the following equilibrium partitioning equation with the Total Organic Carbon=1%:

WQSV - (Sediment Benchmark)/(Koc * TOC/100)
B· Values is the saltwater chronic water quality screening value
C ~ Value is the freshwater chronic water quality screening value

0- Values is the saltwater acute water quality screening value divided by the following chemical~specificacute-to-chronic ratios that were developed
by SAIC for Portsmouth Naval Shipyard (ftNUS, 2001):
~ Naphthalene ~ 3,71

~ Lindane ~ 1

~ Aldrin - 8

E - Value is the USEPA recommended screening level

NA - No data available



TABLE 3.2
SEDIMENT RESULTS

ECOLOGICAL PRG OEVELOPMENT STEP 2
OLO FIRE FIGHTING TRAINING AREA

NAVAL STATiON NEWPORT, NEWPORT RHOOE ISLAND
PAGE 1 OF4

P t d IPCBs (uglkgj

Polyaromatlc Hydrocarbons (uglkg)
I

Sample location OFF-1 OFF·2 I OFF·3 I OFF·4 I OFF·5 OFF-6 OFF-? OFF·8 I OFF·9 I OFF·10 OFF-11 OFF.'~ I OFF.'~ I OFF.14, I OFF.'~ I
Sample Depth Interval 0-15cm 0-15 om 0-15cm 0-15cm 0-15cm 0-15 em 0-15 em 0-15cm 0-150m 0-15cm 0-15 em 0-15 em 0-15 em 0·15 em 0-15 em

Date Sampled 3/27/98 3/27/98 3/27/98 3/27/98 3/27/98 3127/98 3/27/98 4f7/98 417198 4/3/98 4/3/98 4/3/98 413/98 4fl198 417198

1-Melhylnaphthalene 14.8 J 52.4 J 62.2 J 35.8 J 278 J 132 J 34.6 11 1.7 J 2.2 J 62 J 78.8 J 43.2 J 9.4 4.6 J
1.Melhylphenanthrene 132 364 539 282 1460 680 104 22 4.4 J 3 J 14.8 220 177 J 20,1 11.4
2,3,5-Trjmethylnaphthalene 7.7 J 45.2 J 22 J 22.6 J 121 J 36.3 J 17.7 2.3 J 0.4 J 2.4 U 2 J 20.8 J 12.9 J 2.6 J 0.8 J
2,6-Djmelhylnaphlhalene 18.9 J 103 J 66.9 J 53.5 J 476 J 148 J 59.8 24.5 12.4 9 J 18.5 J a8,9 J 55.2 J 15.6 7.3 J
2·Methylnaphtha!ene 26 J 77.6 J 89.2 J 38.1 J 330 J 170 J 54,9 14.4 3.1 J 3.1 J 17.5 J 117 J 65.6 J 15.5 9.5
Acenaphlhene 23 88.1 371 54 966 344 120 34 4.1 J 2.5 J 27.9 321 110 J 11.4 5.1 J
Acenaphlhylene 93 488 350 424 509 195 169 18.5 5,7 4.1 J 9 58.3 156 J 25.2 11.9
Anthracene 255 J 1100 J 1460 J 774 J 2810 J 1170 J 393 70.1 11.3 R8 J 64 J 572 J 482 J 51.8 35
Benzo(a}anthracene 100 3600 5690 2280 9300 4250 1160 214 57.3 35.2 168 1200 1160 J 216 106
Benzo(a)pyrene 595 2410 3450 J 2090 4830 1990 1330 218 76.1 45.1 148 1420 1150 J 255 103
Benzo(b,j,k}f1uoranthene 2780 7710 17300 J 3500 25000 9390 2850 411 152 94.6 284 2730 2430 J 457 366
Benzo(e)pyrene 910 J 2370 J 5250 J 1310 J 7590 J 3270 J 966 161 58.4 41.3 J 107 J 1080 J 939 J 213 140
Benzo(g,h,i)Perylene 876 J 2520 J 5370 J 1290 J 5990 J 2630J 1020 141 52.5 40.5 J 95.2 J 815 J 744 J 195 100
Biphenyl 7,2 22.1 38.6 6,6 151 46.7 14.7 3.2 U 3.2 U 1.2 J 3.7 J 28.8 20.5 J 3.2 U 3.2 U

Chrysene/triphenylene 790 2340 4560 1850 7300 3350 519 J 196 59.6 31.8 117 998 774J 190 87.3
Dibenzo(a,h)Anthracene 441 J 1290 J 2810 J 352 J 3410 J 1390 J 293 41.5 6.8 U 8.6 J 23.9 J 280 J 213 J 52.2 44
Fluoranthene 1950 8350 14600 5580 19200 11200 2190 455 117 86.2 388 3120 2600 J 308 185
Fluorene 40,3 J 303 J 598 J 177 J 1360 J 392 J 160 34.7 5.3 J 2.8 J 25.1 J 271 J 123 J 17.2 7,6
Indeno(1,2,3-cd)pyrene 1010 3070 6560 J 1200 7390 3030 968 136 48.1 35.3 86.3 777 646 J 172 116
Naphthalene 31.9 171 149 136 258 161 70 22.8 4.3 4 9,8 128 61.2 J 20,6 11.3

PeryJene 225 818 1490 J 607 1460 734 363 60.4 21.4 12.8 34.8 257 253 J 79.4 32.9

Phenanthrene 1060 5610 10700 3030 14600 9470 1320 261 46.3 31.3 238 2510 1440 J 130 87.4

Pyrene 1780 6750 10700 4810 16900 9770 2120 401 102 87.5 337 3020 2530 J 344 187
Sum PAHs (6 High Molecular Weight) 6660 24700 41800 16700 60900 32000 7620 1530 425 294 1180 10000 8430 1360 712
Sum PAHs (7 Low Molecular Weight) 1530 7830 13700 4640 20800 11900 2280 456 80 58 391 3980 2440 271 168
Sum PAHs (NOAA status &Trends) 14200 49600 92100 29900 132000 64000 16300 2960 858 592 2230 20100 16200 2800 1660

..es ICI es
1a,2a,3b,4a,5a,6b·hexachlorocyclohexane
(gamma.BHC) 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.8 J 0.2 J 0.3 J 0.1 J 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0,5 J

2,4'-DDE 0,25 U 0,4 U 0,4 U 0.4 U 0.4 U 0,4 U 0.4 U 0.4 U 0.4 U 0.4 U 0.4 U 0,9 0.4 U 0.4 U 0.4 U

2,4'·00T 1.1 1.8 0.7 J 2,6 1.7 1,4 0.5 U 0.5 U 0.5 U 0.5 U 0,5 U 0.6 J 1,2 0,5 U 0.5 U

4,4'-000 3J 1.4 J 1.8 J 2.4 J 2 J 3,8 J 3,8 0.8 J 0,45 U 0.4 U 0.4 U 11.2 J 19.7 J 1.4 0.6 J

4,4'-00E 1.25 U 1.25 U 1.1 U 1 U 1.5 U 3,8 3,1 0.7 J 0.45 U 0.45 U 0,45 U 6.2 10,8 0.9 J 0.5 J

4,4'-00T 4,3 10 4 11.5 11.3 9.8 2,7 1,1 0.8 0.7 1,6 4.8 m9 2 0.8
Aldrin 0,35 U 0.35 U 0.35 U 0.35 U 035 U 0,35 U 0.35 U 0.1 J 0,35 U 0.35 U 0.35 U 0.35 U 0.35 U 035 U 0.35 U
alpha-Chlordane 0,8 0.7 J 0,7 J 1.2 1.4 0.6 J 0,7 J 0.1 J 0.1 J 0.4 U 0.4 U 1.2 1.4 0.2 J 0.1 J

Heptachlor 0.25 U 0.25 U 0.25 U 0.7 U 0.25 U 0,25 U 0,3 J 0.25 U 0.25 U 0,25 U 0.25 U 0.25 U 0.65 U 0,2 J 0,1 J
Heptachlor Epoxide 0.25 U 0.25 U 0.25 U 0.6 J 0.25 U 0.25 U 0,25 U 0.25 U 0.25 U 0.25 U 2.8 J 2.4 J 1.1 J 0.25 U 0.25 U

Hexachlorobenzene 0.2 U 0.2 U 0,2 U 0.2 U 0.25 U 0.3 U 0,2 U 0.2 U 0.2 U 0.2 U 0,2 U 0.4 U 0,2 0.2 U 0.2 U

Mirex 0.3 J 0,3 U 0.3 U 0,3 U 0.6 0.5 J 0,4 J 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0,3 U 0.4 J 0.4 J
PCB 101/90 0.6 U 1.05 U 1.2 U 2.9 1.1 U 1 U 2,7 0,55 U 0.3 U 0.35 U 1.1U 4,1 5,9 2,2 0.45 U

PCB 105 03 U 0.6 U 0,7 U 0.35 U 1.7 J 0,35 U 0.65 UJ 0.3 U 0.3 U 0.15 U 0.65 U 1.7 J 3.5 J 0.45 U 0.3 U

PCB 118 0.7 J 2,1 1,8 1.3 1.1 1,6 2,3 1.1 0.5 J 0.7 J 2 3.2 66 23 0.8
PCB 126 0.25 U 0.9 J 1.3 J 1.7 J 2.5 J 025 UJ 0.4 U 0.25 U 0,25 U 0.25 U 0.7 J 1.8 J 4.9 J 1,1 0.25 U

PCB 128 0.6 0,6 J 0,8 J 2.1 0.9 J 1,8 J 1 0,3 U 0.2 UJ 0.25 U 0.6 1.8 4 0.4 U 0.2 U

PCB 138/163/164 1.9 10.7 J 11.2 J 11.4 16.2 J 3 J 5,2 2.4 1 1,2 3.5 7.7 13.3 3.1 1,7

PCB 153 1.5 2,5 2,5 1.9 4 2.7 3.5 2 1 1,1 3.3 5,4 9.3 3,4 1.7
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1.2242.5111.11.21.31.91.80.90.91.8

AVSfSEM (~mole/g dry weight)

Sample Location OFF-1 OFF-2 OFF-3 OFF-4 OFF-5 OFF-6 OFF-7 OFF-8 OFF-9 OFF-10 OFF-11 OFF-12 OFF-13 OFF-14 OFF-15
Sample Depth Interval 0-15 cm 0-15cm 0-15 cm 0-15 em 0-15 em 0-15 em 0-15 em 0-15 cm 0-15cm 0-15em 0-15cm 0-15 cm 0-15cm 0-15 em 0-15 cm

Date Sampled 3/27/98 3/27/98 3/27/98 3/27/98 3/27/98 3127198 3127/98 417198 4n198 4/3/98 413198 413/98 413198 4f7198 4n198

PCB 170 0.45 U 0.35 U 0.35 U 1.8 1.8 1.8 J 0.6 U 0.45 U 0.25 UJ 0.35 U 15 3.8 5.8 045 U 0.3 U
PCB 18 1.3 J 0,35 U 1.7 0.35 U 1.4 2.8 0.6 J 0.35 U 0.35 U 0,35 U 35 2.4 0.5 J 1.1 0.35 U
PCB 180 1.1 1.5 2.4 2 3.9 2.1 J 2.5 1.2 0.7 0.6 3.2 6.4 9.3 1.6 1.1
PCB 187/182/159 0.6 07 0.6 2.8 1.6 1.9 J 1.6 0.45 U 0.3 U 0.6 2 3.7 5.5 1.8 0.35 U
PCB 188 0.3 U 0.3 U 0.8 0.3 U 1.3 2.6 0.7 0.5 J 0.3 U 0,3 U 0.6 J 1 1.6 0.8 0.3 U
PCB 195 0.25 U 0.3 U 0.3 U 1.2 3.5 0,3 UJ 0.3 U 0.3 U 0.3 U 0.3 U 0.7 0.8 J 3.7 0.3 U 0.3 U
PCB 200 0.3 J 1.2 1 1.8 2 1.1 J 0.4 J 0.4 J 0.3 J 0.4 J 0.4 J 1.6 0.25 U 0.4 J 0.4 J
PCB 206 0.25 U 0,25 U 0.25 U t2U 0.3 U 0,3 UJ 0.6 0.8 0.4 J 0.65 U 0,75 U 0.95 U 4 1 0.7
PCB 209 0.25 U 0.25 U 0.25 U 0,25 U 0.35 U 4.1 J 0.8 0.8 0.3 J 0.35 U 0.25 U 22 3 1.2 0.6
PCB 28/50 0.7 0.35 U 0.6 J 0.35 U 1.8 2.7 1 0.3 J 0.5 J 0.35 U 7.4 4.2 1.3 0.9 0.3 J
PCB 29 0.35 U 0.35 U 0.35 U 0.35 U 0.35 U 0.35 U 0.35 U 0,35 U 0.35 U 0.35 U 0.35 0.35 U 0.35 U 0.35 U 0.35 U
PCB 44 0.6 J 0.4 J 1.4 J 1.4 J 1.4 J 1,8 J 1.9 0.25 U 0.25 U 0.3 J 3.3 J 2 J 2.4 J 0.6 0.25 U
PCB 50 0,25 U 0,25 U 0.25 U 0,25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 0.25 U 0.25 U 0,25 U 0.25 U
PCB 52 0.4 U 0,35 U 0,5 U 1.4 J 1.8 J 2.6 J 1.4 0.35 U 0.35 U 0,35 U 3.4 J 3.2 J 2.9 J 1.1 0.35 U
PCB 66/95 1.1 1.4 2 1.7 3.9 3.4 3.3 1.1 0.25 UJ 0.6 6.5 5 4.6 22 0.45 U
PCB 8 8.5 J 0,15 U 0.9 J 0.15 U 0.15 U 0.6 0.15 U 0.15 U 0.15 U 0.15 U 0.8 1.5 0.9 025 U 0.15 U
PCB 87 0.3 UJ 0.9 J 0.8 J 0.7 J 0.8 J 1.6 J 1 0.3 U 0,3 U 0.3 U 0.8 J 1.6 J 2.5 J 0.3 U 0.3 U
Sum of PCB Congeners 18.9 22.9 29.8 36.1 51.6 38,2 30.5 10,6 4.7 5.5 44.2 65.1 95.5 24.8 7.3
Sum of PCB Congeners X 2 37.8 45.8 59.6 72.2 103.2 76.4 61 21.2 9.4 11 88.4 130.2 191 49.6 14.6
trans-Nonachlor 0.6 J 0.4 U 0.7 J 0.4 U 1.3 0.4 U 0.8 0.2 J 0.1 J 0.4 U 0.4 U 0.6 J 1 J 0.4 J 0.2 J

Metals (mgfkg)
Aluminum 21672 J 26984 J 23219 J 16492 J 16256 J 22707 J 21885 J 27137 J 26673 J 26244 J 19537 J 35681 J 40999 J 28276 J 26843 J
Arsenic 6.3 J 8J 3.6 J 4.3 J 3.6 J 4.1 J 6.8 J 4.3 J 4.3 J 3.4 J 2.7 J 5.2 J 6 J 8,5 J 3.7 J
Cadmium 0,31 0,14 0.18 0.06 0.23 0.15 0.29 0.19 0.11 0.15 0.22 0.53 0.8 0,12 0.18
Chromium 31.1 36.6 26.5 24.3 27.4 23 43.1 42.3 38.6 32.1 30,2 58.6 73.7 44.9 41
Copper 58.3 23.7 12,3 31.4 16.9 11 32.8 11 6.9 9.8 91 37 _80.8 18.9 11.6
Iron 24310 J 29487 J 22872 J 22908 J 17649 J 19993 J 27506 J 21704 J 24714 J 17985 J 14919 J 27717 J 33406 J 21879 J 21010 J
Lead 131.4 90,2 60,1 95.5 138.7 47,2 294 37.9 25.2 27.3 38.7 114.2 201.9 44.6 33.1
Manganese 353.6 302.2 387.4 369 166.8 257.5 331.6 356.2 515.8 357.1 331 368.1 335.9 324 366.5
Mercury 0.371 0.081 0.025 U 0.025 U 0.025 U 0.025 U 0.119 0.148 0.025 U 0.07 0.125 0.376 1.355 0.196 0.1
Nickel 34 26.2 22.2 20.2 19 19.3 28.1 15.8 18.3 12.5 5.45 U 21.4 29.7 15.9 14.2
Silver 0.46 J 0.065 UJ 0.065 UJ 0.065 UJ 0.065 UJ 0.065 UJ 0.18 J 0,17 J 0.065 UJ 0.065 U 0,17 J 0.48 J 1.06 J 0.23 J 0.19 J
Zinc 156.4 314.8 50.4 U 106 39.9 U 52.85 U 155,5 46.7 U 39.95 U 26.65 U 27.75 U 146.5 263.4 48.4 U 36.65 U

Acid Volatile Sulfide 0.05 U 0.05 U 0.23 0.05 U 23.82 26.06 38.21 6.21 4.44 7,29 13.03 24,03 48.59 10.3 7.1
Cadmium 0.001 0.001 0,001 0 0,002 0.002 0.002 0,003 0.001 0.002 0,002 0.005 0.009 0.002 0.002
Copper 0,341 0.0585 U 0,054 U 0.413 0.078 U 0.0885 U 0,045 U 0.397 0.269 0.212 0,0915 U 0.0395 U 0.031 U 0.417 0,393

Lead 0,505 0.215 0.119 0.507 0,386 0.168 0.221 0.122 0,061 0.079 0,094 0.249 0.589 0.15 0.121
Nickel 0.D26 U 0.02 U 0.018 U 0.126 0.152 0.0385 U 0.034 U 0,0325 U 0,0245 U 0.031 U 0.033 U 0.0205 U 0.132 0,054 U 0.036 U
SEM-AVS NA NA 0.489 J NA -22.22 J -24.97 J -37.41 J -4,68 J -3.65 J -6.394 J -12.14 J -23.08 J -46.71 J -8.4 J -5.592 J
SEM/AVS NA NA 3.1261 J NA 0.0672 J 0,0419 J 0.021 J 0,2465 J 0.178 J 0.1229 J 0.0681 J 0,0394 J 0.0387 J 0,1845,J 0.212 J
Zinc OA07 0.549 0,527 0.517 0.982 0.794 OA99 0,976 0.435 0.572 0.667 0.632 1.12 1,277 0.957

Total Organic Carbon (percent)
ITotal Orgamc Carbon

Grain Size (percent)
CLAY 02 0.1 02 0.1 0.3 0.3 0.6 0.4 0.4 3.7 0.8 6.1 1.3 0.5
SAND
SILT

96
3.9

97.1
2.8

95.2
4.6

98,5
1.5

97.1
2.6

94.2
5.5

86.7
12.7

72.8
26.7

88,1
11.5

85,7
10,7

44.2
54.7

14,5
79,S

59,1
39.7

87.3
12,2
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Sample Location
Sample Depth Interval

Date Sampled

Polyaromatic Hydrocarbons (ug/kg)

PesticIdes/PCBs (ugfkg)

1-Methylnaphthalene 17.6 J 11 J 31.4 J 18.9 43.7 J 7.7 J 2 J 27.8
1-Methylphenanthrene 43.6 J 25.3 108 20.2 44.4 19.3 2.6 J 49-9
2,3,5_Trimethylnaphthalene 6 J 2.5 J 11.5 J 3.6 J 5.6 J 2.4 J 0,3 J 8.2
2,6-Dimelhylnaphlhalene 37.8 J 22.1 J 45.3 J 54,3 43.9 J 13.7 J 5,8 J 38,6

2-Melhylnaphthalene 23,9 J 19.7 J 63.8 J 31.5 40.4 J 13,1 J 3.1 J 43.4
Acenaphlhene 37.6 J 25.6 59.7 43.8 75.3 9.4 1.8 J 89.5
Acenaphlhylene 35,8 J 41.1 141 40.6 14.8 18.3 4.4 J 775
Anthracene 88 J 120 J 340 J 104 217 J 47.9 J 9,5 J 348
Benzo(a)anlhracene 195 J 251 730 316 320 151 35,6 616
Benzo(a)pyrene 220 J 333 964 322 257 176 38.8 758
Benzo(b,j,k}f1uoranthene 435 J 654 2290 618 588 375 78.6 1540
Benzo(e)pyrene 187 J 273 J 963 J 234 197 J 158 J 49.3 J 688
Benzo(g,h.i)Perylene 181 J 270 J 899 J 201 131 J 133 J 60.4 J 700
Biphenyl 9.1 J 5.6 J 17.3 18.2 17.9 5.9 J 0.8 J 12.8
Chrysene/triphenylene 151 J 203 J 631 277 296 151 26.7 540
Oibenzo(a.h)Anthracene 49,6 J 76.1 J 273 J 57.4 50.3 J 40.4 J 12.2 J 179
Fluoranthene 444 J 528 J 1880 542 882 291 65.9 1560

Fluorene 34.1 J 30,9 J 74.8 J 51.3 92.6 J 11.3 J 2.4 J 106
Indeno(1 ,2,3-cd)pyrene 156 J 237 785 195 150 126 33.9 511
Naphthalene 19.9 J 25 68,1 53.3 40.1 8.7 3.2 J 41.6

Perylene 62.9 J 80.5 276 85.6 63.4 43.3 12.9 205
Phenanthrene 331 J 271 918 294 828 126 23.5 770
Pyrene 513 J 544 J 1810 523 751 334 69.2 1420
Sum PAHs (6 High Molecular Weight) 1570 1930 6290 2040 2560 1140 248 5080
Sum PAHs (7 Low Molecular Weight) 570 533 1670 619 1310 234 48 1480
Sum PAHs (NOAA Status &Trends) 3280 4050 13400 4110 5150 2250 543 10300

..
1a,2a,3b,4a,5a,6b-hexachlorocyclohexane

0.3 l 0.3 l(gamma·BHC) 0.3 U 0.9 0,3 U 0,3 U 0.3 U 0.3 U
2,4'.00E 0.4 U 0.4 U 0.4 0.4 U 0.4 U 0.4 U 0.4 U 0.4 U

2,4'·00T 1.2 0.7 J 1.8 0.5 U 0.5 U 0.5 U 0.5 U 0.8
4,4'·000 2,2 J 12.9 J 15.8 J 1.1 1.1J 2.4 J 0.4 U 7.3
4,4'·00E 0.9 U 1.15 U 10.5 1.2 0.55 U 0.9 0.45 U 3.2
4,4'·00T 1.6 4.1 9.5 1.8 1.7 2.1 0.6 J 4.1
Aldrin 0.35 0.35 U 0.35 U 0.2 J 0.35 U 0,35 U 0,35 U 0.35 U
alpha·Chlordane 0.9 OA U 1.1 0.8 0.4 U 0.4 U 0.4 U 0.8 J
Heptachlor 0,25 0,25 U 0.25 U 0,25 U 0,23 U 0.25 U 0.25 U 0.25 U
Heptachlor Epoxide 0.25 U 0.25 U 1 J 0.25 U 0.25 U 0,25 0,25 U 0.25 U
Hexachlorobenzene 0,2 U 0.2 U 0.2 U 0.9 0.2 U 0.2 U 0.2 U 0.5
Mlrex 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 1.1 J
PCB 101/90 0,95 U 1.05 U 4.5 1.8 0.95 U 1.1 U 0,35 U 29
PCB 105 OA5 U D,S U 2.4 J 0.3 U 0.3 U 0.45 U 0.1 U 1,7 J
PCB 118 2.3 1.7 5.5 1.4 1.8 2 0.35 U 2.7
PCB 126 1,2 J 1.3 J 1.8 J 0,35 U 1.1 J 0.7 J 0.25 U 2
PCB 128 1 0.9 24 0,25 U 0.7 0.9 0.25 U 2.3
PCB 138/163/164 4.9 3.2 12.2 3 4.1 2.9 0.9 76
PCB 153 3.3 2.8 7.5 2.4 3.6 2.7 0.7 4.2
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AVS/SEM (IJmole/g dry weight)

Metals (mg/kg)

Sample Location OFF-16 OFF-17 OFF-18 OFF-19 OFF-20 OFF-21 OFF-22 OFF-23
Sample Depth Interval 0-15cm 0-15 cm 0-15 cm 0-15 cm 0-15cm 0-15 cm 0·15 cm 0-15cm

Date Sampled 413198 413/98 4/3/98 4f7198 413/98 413/98 3/27/98 413/98

POS..rronatic Hydrocarbons (ug/kg) 1.5 0,65 U 2.9 0.45 U 1.5 0.55 U 0.25 U 2.1
PCB18 0,3 J 0.35 U 0.35 U 1.3 J 0.35 U 0.35 U 0.35 U 0,35 U
PCB 180 1.7 1.3 5.2 1.6 1.9 1.3 0.3 J 3.4
PCB 187/182/159 1.7 1.3 3.6 1.1 1.4 1.5 J 0.5 3.1
PCB 188 1 0.3 U 1.5 D,S J 0.6 0.6 0.3 U 1
PCB 195 0,3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.75 UJ
PCB 200 0.25 U 0.3 J ' 1.2 0.6 0.4 J 0.3 J 0.2 J 1.1
PCB 206 0.3 U 0.75 U 1.15 U 0.8 0.5 U 0.55 U 0.5 U 1.2
PCB 209 0.4 U 1.4 2.6 0.9 0.5 U 0.35 U 0.25 U 1.5
PCB 28150 0,35 U 0.35 U 0.7 0,4 J 0.35 U 0.35 U 0.35 U 1.5
PCB 29 0.35 U 0.35 U 0.35 U 0,35 U 0.35 U 0.35 U 0.35 U 0.35 U
PCB 44 0.8 J 0.5 J 1.2 J 1.1J 0,4 J 0.5 J 0,2 J 1.1
PCB50 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0,25 U
PCB 52 0.4 U 0.35 U 1.2 J 0,45 U 0.35 U 0045 U 0.35 U 1.4
PCB 66/95 1.7 1.3 3.9 2.3 1.4 1.6 D,S U 2.7
PCB8 0.6 0.15 U 0.8 8.5 0.15 U 0.15 U 0,15 U 0.3 U
PCS87 0.7 J 0.6 J 1.6 J 0.5 J 0.3 U 0.6 J 0.3 U 1.1
Sum of PCB Congeners 22.7 16.6 62.9 2804 18.9 15.6 2.8 44.6
Sum of PCB Congeners X 2 45.4 33.2 125.8 56.8 37.8 31.2 5.6 89.2
trans-Nonachlor 0.4 U 0.4 U 1 J 0.7 J 004 U 004 U 0,4 U 1.2

Aluminum 29667 J 32011 J 40750 J 37770 J 33977 J 37829 J 36058 J 92358 J
Arsenic 5 J 4.7 J 6,3 J 5,8 J 4.2 J 4,9 J 3.8 J 4.8 J
Cadmium 0.36 0.38 0.69 0,21 0.25 0.39 0.19 0.43
Chromium 46 44.1 73.6 55.6 52,S 52,9 47.8 53.2
Copper 23.9 26.4 83.5 30.3 19 22.7 18.3 44.7
Iron 24706 J 24564 J 31885 J 29787 J 28355 J 25993 J 28736 J 51703 J
Lead 61.2 71.4 190.4 56 40,6 46.2 21.7 74,2
Manganese 341.6 312,4 332.9 362,9 368,4 377.9 318.5 669.7
Mercury 0.208 0.225 0.562 0.299 0.171 0.112 0.111 0.387
Nickel 18.2 18.7 2804 24 21 26,9 21.2 42.7
Silver 0.44 J 0.4 J 1.08 J 0.18 J 0.19 J 0.16 J 0.065 U 0.27 J
Zinc 50,9 U 125.7 248.3 166.3 108.5 143.9 39.15 U 306,2

Acid Volatile Sulfide 23.68 14.13 39 17.26 29,52 12,93 2.74 32.95
Cadmium 0,005 0.005 0.011 0.001 0.004 0.004 0.001 0.006
Copper 0.303 0.056 U 0.22 0.232 0.285 0.0875 0.234 0.083 U
Lead 0.17 0,192 00476 0.173 0,13 0,148 0.039 0.236
Nickel 0,027 U 0.03 U 0.028 U 0.023 U 0.036 U 0.0455 0.0215 U 0.038 U
SEM-AVS -22.08 J -12.74 J -36.14 J -15.65 J -27.9 J ·11.6 J -1.43 J -30,84 J
SEM/AVS 0.067 J 0,099 J 0.0733 J 0.082 J 0.055 J O,1026J 004783 J 0,064 J
Zinc 1.091 1.11 2.123 0.984 1.166 1.042 1.015 1,753

Total Organic Carbon (percent)
ITotal Organic Carbon 2.6 2.6 4 2.9 2.3 2.3 1.3 2.7
Grain Size (percent)

CLAY 3.9 2.3 2.7 2.5 2.4 2 0.6
SAND 3.3 6.9 49,4 59.3 50.9 91.5 54.6
SILT 92.8 51.6 90.4 48.1 38.3 47.2 8 44.1
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Sample Location OFF., OFF·2 OFF-3 OFF-4 OFF-S OFF-6 OFF-? OFF·S OFF-9 OFF-10
Sample Depth Interval 0-15 em 0-15 em 0-15cm 0-15 em 0-15 em 0-15 em a·15cm 0-15 em 0-15 em a-15cm

Date Sampled logKowP) LogKoc(2) K" 3127/98 3/27/98 3127/98 3/27/98 3127f98 3127198 3127/98 417198 417198 413/98

Polyaromatlc Hydrocarbons (uglL)
1-Methylnaphthalene 3.97 3.90 7994 i.03E-01 J 5.96E·01 J 8.64E-01 J 4.SBE-01 J 3.48E+OO J 9.17E-01 J 2.28E-01 i.D6E-01 1.77E-02 J 2.50E-02 J
1-MethyJphenanthrene 5.08 4,99 98610 7.44E-02 3.36E-01 6.07E-01 3.18E-01 1.48E+OO 3,83E·01 5.55E-02 1.72E-02 3.72E·03 J 2.77E-03 J
2,3,5-Trimethylnaphthalene NA NA NA NA NA NA NA NA NA NA NA NA NA
2,e-Oimethylnaphthalene 4.61 4.53 34034 3.09E-02 J 2.75E-01 J 2.18E-01 J 1.75E-01 J 1.<lOE+OO J 2.<l2E-01 J 9.25E·02 5.54E-02 3,04E-02 2.<lOE-02 J
2-Methylnaphthalene 3.97 3.90 7994 1.81E-01 J 8.82E-01 J 1.24E+00 J 5,30E-01 J 4.13E+00 J 1.18E+00 J 3.61E-01 1.39E-01 3.23E·02 J 3.53E-02 J
Acenaphthene 3.92 3.85 7139 1.79E-01 1.12E+00 5.77E+00 8,40E-01 1.35E+01 2.68E+00 8.85E-01 3.66E·01 4,79E-02 J 3.18E-02 J
Acenaphthylene 4,05 3.98 9581 5,39E-01 4.63E+OO 4.06E+00 4,92E+OO 5,31E+OO 1,13E+OO 9.28E·01 1,49E-01 4.96E-02 3,89E-02 J
Anthracene 4.55 4,47 29712 4.77E-01 J 3.37E+OO J 5,46E+00 J 2.89E+OO J 9,46E+OQ J 2.19E+00 J 6.96E-01 1.81E·01 3.17E-02 3.00E-02 J
Benzo(a)anthracene 5.7 5,60 401218 1.38E-02 8.16E·01 1.58E+00 6,31E-01 2.32E+00 S.88E-01 1.52E-01 4.10E-02 1.19E-02 7.98E-03
Benzo(a)pyrene 6,11 6,01 1014869 3.26E-02 2.16E-01 3.78E-01 J 2,29E-01 4.76E-01 1.09E·01 6.90E-02 1.65E-02 6,25E·03 4.04E-03
Benzo(b,j,k)lluoranthene 6.2 6.09 1244171 1.24E-01 5.63E-01 1.54E+00 J 3.13E-01 2.01E+00 4_19E-01 1.21E-01 2.54E-02 1.02E-02 6.91E-03
Benzo(e)pyrene 6,11 6,01 1014869 4,98E-02 J 2.12E-01 J 5.75E-01 J 1,43E-01 J 7,48E-01 J 1.79E-01 J 5.01E-02 1.22E-02 4,80E-03 3.70E-03 J
Benzo(g, h, ijPeryJene 6.7 6.59 3858158 1.26E-02 J 5.94E-02 J 1.55E-01 J 3.72E·02 J 1.55E-01 J 3,79E-02 J 1.39E-02 2,81E·03 1.13E-03 9,54E-04 J
Biphenyl 3.96 3.89 7816 5,12E-02 2.S7E-01 5,49E-01 9.38E-02 1,93E+00 3.32E·01 9.90E-02 3.15E-02 U 3,41E·02 U 1,40E-02 J
Chrysene/triphenylene 5.7 S,60 401218 1.09E-01 5.30E-01 1.26E+00 5,12E·01 1,82E+OO 4.64E-01 6,81E-02 J 3.76E·02 1.24E-02 7.21E-03
Dibenzo(a,h)Anthracene 6.69 6.58 3771812 6,50E·03 J 3.11E-02 J 8.28E-02 J 1.04E-02 J 9,04E-02 J 2.05E-02 J 4.09E·03 8,46E-04 1,50E-04 U 2.07E-04 J
Fluoranthene 5.12 S,03 107954 1.00E+00 7.03E+00 1,50E+01 5,74E+OO 1.78E+01 S,76E+00 1.07E+00 3.24E-01 9.03E-02 7.26E-02
Fluorene 4.21 4.14 13763 1.63E-01 J 2.00E+00 J 4.83E+OO J 1,43E+00 J 9.88E+00 J 1.58E+OO J 6.12E·01 1.94E-01 3.21E-02 J 1.8SE-02 J
Indeno(1,2,3·cd)pyrene 6.65 6,S4 3445323 1.63E-02 8.10E-02 2.12E-01 J 3.87E-02 2,14E-01 4,89E·02 1,48E-02 3.04E-03 1.16E·03 9.31E-04
Naphthalene 3.36 3,30 2010 8.82E-01 7.73E+00 8,24E+00 7.52E+00 1.28E+01 4,45E+00 1-83E+00 8.73E-01 1.78E-01 1.81E-01
Perylene 6,05 5.95 885992 1.41E-02 8.39E·02 1.87E-01 J 7.61E-02 1.65E-01 4,60E-02 2.16E-02 S.24E-03 2.01E-03 1.31E-03
Phenanthrene 4.55 4,47 29712 1.98E+00 1,72E+01 4.00E+01 1.13E+01 4.91E+01 1.77E+01 2.34E+00 6.76E-01 1.30E-01 9,58E·02
Pyrene S.11 S.02 10S538 9.37E-01 5.81E+00 1.13E+01 S.06E+00 1.60E+01 5.14E+OO 1.06E+00 2,92E-01 8.05E-02 7.S4E-02
Sum PAHs (6 High Molecular Weight) NA NA NA 2.10E+00 1,44E+01 2.96E+01 1.22E+01 3.85E+01 1.21E+01 2,42E+00 7.12E-01 2.02E-01 1,67E-01
Sum PAHs [l Low Molecular Weight)\ ) NA NA NA 4AOE+00 3.69E+01 6.96E+01 2.95E+01 1.04E+02 3.09E+01 7.6SE+00 2.S8E+00 S.02E-01 4,31E-01
Sum PAHs (NOAA Status &Trends) , NA NA NA 6.S0E+00 5.13E+01 9,92E+01 4.17E+01 1A3E+02 4.30E+01 1.01E+01 3.29E+00 7.03E-01 5.99E-01

PesticIdes/PCBs (ug/L)
1a,2a,3b,4a,5a,6b·11exachlorocyclohexane -
(gamma-BHC) 3.81 3.75 5566 2.99E-03 U 4.90E·03 U S.99E-03 U S,99E-03 U S.39E-03 U 7.99E-03 J 1,89E-03 J 4.15E-03 J 1.S0E-03 J 4,90E-03 U
2,4'-DDE 6.76 6.65 4419366 3.14E-06 U 8.23E-06 U 1.01E-OS U 1.01E-OS U 9,OSE-08 U 5.03E-06 U 4.76E-06 U 6.96E-06 U 7.54E-06 U 8.23E-06 U
2,4'-DDT 6.76 6,65 4419366 1.38E-05 3.70E-OS 1.76E-05 J 6,54E-05 3.8SE-05 1,76E-05 S.95E-06 U 8.70E-06 U 9A3E-06 U 1.03E-OS U
4,4'·000 6.1 6.00 9921S6 1.68E-04 J 1.28E-04 J 2.02E-04 J 2_69E-04 J 2.02E-04 J 2,13E·04 J 2.02E-04 6.20E-05 J 3.78E-05 U 3.67E·05 U
4,1j'-DOE 6.76 6.65 4419366 1.57E-05 U 2.S7E-OS U 2,77E-05 U 2,51E-05 U 3,39E-05 U 4,78E-OS 3.69E-05 1.22E-05 J 8A9E-06 U 9,26E-06 U
4,1j'·DDT 6.76 6.65 4419366 5,41E-OS 2.06E·04 1.01E-04 2,89E-04 2.S6E-04 1.23E-04 3,22E·OS 1.91E-OS 1.51E-05 1,44E-05
Aldrin 6.5 6.39 2453466 7.93E-06 U 1.30E-OS U 1.59E-OS U 1,59E-OS U 1,43E-OS U 7,93E-06 U 7.S1E-06 U 3,14E-06 J U9E·05 U 1,30E-OS U
alpha-Chlordane 6.5 6.39 2453466 1.81E-05 2.S9E-OS J 3,17E-05 J 5,43E-05 S.71E-OS 1.36E-OS J 1.S0E-05 J 3.14E-06 J 3.40E-06 J 1.<l8E-OS U
Heptachlor 6.5 6.39 2453466 S.66E-06 U 9.26E-06 U 1.13E-OS U 3.17E-OS U 1.02E-OS U 5,66E·06 U 6,44E-06 J 7.84E-06 U 8.49E-06 U 9,26E-06 U
Heptachlor Epoxide 6.5 6.39 2453466 S.66E-06 U 9.26E-06 U U3E-OS U 2_72E-OS J 1.Q2E·05 U 5,66E-06 U S.36E-06 U 7.84E-06 U 8,49E·06 U 9.26E-06 U
Hexachlorobenzene 5,89 5.79 616808 1.80E-05 U 2,95E-05 U 3.60E-05 U 3,60E-05 U 4,OSE-OS U 2,70E-OS U 1.71E·OS U 2.49E-OS U 2.70E-05 U 2,95E-05 U
Mirex 6,89 6,77 5931301 2.81E-06 J 4.60E-06 U S,62E-06 U S.62E-06 U 1.01E-OS 4.68E-06 J 3,5SE-06 J 3,89E-06 U 4.21E-06 U 4.60E-06 U
PCB 101190 6.38 6,27 1869907 1.78E-05 U S.10E-OS U 7.13E-05 U 1.72E-04 5,88E-05 U 2.97E-OS U 7.60E-OS 2.26E-05 U 1,34E-05 U 1.70E-OS U
PCB 105 6.65 6,54 3445323 4,84E-06 U 1.S8E-OS U 2.26E-OS U 1.13E-05 U 4.93E-OS J S.64E-06 U 9.93E-06 UJ 6.70E-06 U 7.26E-06 U 3.96E-06 U
PCB 118 6.74 6,63 4223767 9,21E-06 J 4.S2E-OS 4.74E-OS 3,42E-OS 2.60E-OS 2.10E-05 2,87E-OS 2.00E-OS 9,86E-06 J 1.S1E-05 J
PCB 126 6.89 6.77 5931301 2.34E-06 U 1.38E-OS J 2,44E-05 J 3,18E-OS J 4.21E-OS J 2.34E-06 UJ 3.S5E-06 U 3.24E-06 UJ 3,S1E-06 U 3-83E-06 U
PCB 128 6.74 6_63 4223767 7.89E-06 1.29E-05 J 2.10E-05 J 5.S2E-OS 2.13E-05 J 2.37E-OS J 1.25E-05 S.46E·06 U 3.9SE-06 UJ S.38E-06 U
PC81381163/164 6.83 6,71 S17809S 2.04E-OS 1.88E·04 J 2,40E-04 J 2.4SE-04 3,13E-04 J 3.22E-OS J S,29E·OS 3.S7E-05 1,61E-05 2,11E-05
PC81S3 6,92 6.80 6348045 1.31E-05 3,S8E-OS 4.38E-OS 3.33E-OS 6.30E-OS 2.36E-05 2,90E-05 2.42E-05 1.31E-05 1.58E-05
PCB 170 7.27 7.15 14018127 1.78E-06 U 2.27E-06 U 2.77E-06 U 1,43E-05 1.28E·05 7,13E-06 J 2.25E-06 U 2,47E-06 U 1A9E-06 UJ 2.27E-06 U
PC818 5.24 5.15 141645 5,10E·04 J 2,25E-04 U 1.33E-03 2.75E-04 U 9.88E-04 1.10E-03 2.23E·04 J 1,90E-04 U 2.06E-04 U 2.2SE-04 U
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Sample Locatio~I OFF·1 OFF·2 OFF-S OFF-4 OFF-S OFF-6 OFF-? OFF·8 OFF·9 OFF-10
Sample Depth Interval 0-15 em 0-15 em 0-15 em 0-15cm 0-15 em 0-15 em O·15cm 0-15cm 0-15cm 0-15 em

Date Sampled LogKow(l) logKocP) K" 3/27/98 3/27f98 3/27f98 3127/98 3/27f98 3/27f98 3127/98 4f7J98 4f7198 413198

PCB 180 7.36 7.24 17185414 3.56E·06 7.93E-OB i.SSE-OS 1.29E-05 2.27E-05 B.79E-OB J 7.BBE-OB 5.37E-06 3.39E-06 3.17E-06
PCB 187/1821159 7.17 7.05 11178667 2.98E-06 5.69E-OB 5.96E-OB 2.78E-05 1.43E-05 9.44E-06 J 7.53E-06 3.10E-06 U 2.24E-06 U 4,88E·06
PCB 188 6.82 6.70 5062208 3.29E-06 U 5.39E-06 U i.76E-OS B.S8E-OB U 2.57E-OS 2.85E-OS 7.28E-06 7.BOE-06 J 4,94E-06 U 5,39E-06 U
PCB 195 7.56 7.43 27024645 5.14E-07 U 1.01E-06 U 1.23E-06 U 4.93E-06 1,30E-05 6,17E-07 UJ 5.84E-07 U 8.54E·07 U 9.25E-07 U 1.01E-06 U
PCB 200 7,27 7.15 14018127 1,19E-06 J 7.78E-06 7.93E-06 1.43E-05 1.43E-05 4.36E-06 J 1.50E-06 J 2.19E-06 J 1.78E-06 J 2.59E-06 J
PCB 206 8.09 7.95 89691234 1.55E-07 U 2.53E-07 U 3.10E-07 U 1.49E-06 U 3.34E-07 U 1.86E-07 UJ 3.52E-07 6.86E-07 3,72E-07 J 6.59E-07 U
PCB 209 8.18 8.04 109956270 1.26E-07 U 2.07E-07 U 2.53E-07 U 2.53E-07 U 3,18E-07 U 2.07E-06 J 3.83E-07 5.60E-07 2.27E-07 J 2.89E-07 U
PCB 28150 5.67 5.57 374878 1.04E-04 8.49E-OS U 1.78E-04 J 1.04E-04 U 4.80E-04 4.00E-04 1.40E-04 6.16E-OS J U1E-04 J 8A9E-OS U
PCB 29 5.6 5.51 319948 6.08E-OS U 9,94E-OS U 1.22E-04 U 1.22E-04 U 1.09E-04 U 6,08E-OS U 5.76E-OS U 8A1E-05 U 9.12E-05 U 9,94E-OS U
PCB 44 5]5 5.65 449293 7.42E-05 J 8.09E-OS J 3,46E-04 J 3A6E-04 J 3.12E-04 J 2.23E-04 J 2.23E-04 4.28E-05 U 4.64E-05 U 6.07E-OS J
PCB 50 5.63 5.53 342429 4.06E-OS U 6.64E-OS U 8.11E-05 U 8.11E-OS U 7.30E-OS U 4.06E-OS U 3.84E-OS U 5.62E-05 U 6.08E-OS U 6,64E-OS U
PCB 52 5.84 5.74 550808 4.03E-05 U S.78E-OS U 1.01E-04 U 2.82E-04 J 3.27E-04 J 2.62E-04 J 1.34E·04 4.89E-OS U S,30E-OS U 5.78E-05 U
PCB 66195 6.2 6.09 1244171 4,91E-OS 1.02E-04 1.79E-04 1.52E-04 3.13E-04 1.S2E-04 1AOE-04 6.80E-05 U7E-OS UJ 4,38E-OS
PCB8 5.07 4.98 96403 4,90E-03 J 1,41E-04 U 1.04E-03 J 1.73E-04 U 1.S6E-04 U 3.46E-04 8.19E-OS U 1.20E-04 U 1.30E-04 U 1.41E-04 U
PCB87 6.29 6.18 1525281 1.09E-OS UJ 5.36E-OS J 5.83E-OS J 5,10E-05 J 5.24E-05 J S.83E-05 J 3ASE-05 1.51E-05 U 1,64E-05 U 1.79E-OS UJ
trans-Nonachlor 6.87 6,75 5668785 5,88E-06 J 6.41E-06 U 1.37E-OS J 7.84E-06 U 2,29E-05 3.92E-06 U 7A3E-06 2.71E-06 J 1A7E-06 J 6.41E-06 U

Sum ofPCB Congeners 5.88E-03 1.30E-03 3.96E-03 2,25E-03 3.49E-03 2.84E-03 1.31E-03 8.27E-04 8.14E-04 8,99E-04
Sum ofPCB Congeners X 2 1.18E-02 2.61E-03 7.92E-03 4,50E-03 6.98E-03 S.68E-03 2.62E-03 1.65E-03 1,63E-03 1.80E-03

Metals (ug/L)
Aluminum 55.9 6704 61.2 54,9 63.8 43.2 58.7 51.2 69.3 48.1
Arsenic 1.1 5.5 3.4 2.8 1 2.' 3.2 2.4 2.1 2.6
Barium 10 U 10 U 10 U 10 U 10 U lOU 10 U 10 U 10 U 10 U
Cadmium 0,1 J 0.5 0.8 a.' 0.5 0.6 0.5 0.7 0.8 0.4
Chromium 28.6 19.2 18.6 2204 21.8 15.4 19 20.1 23.9 22,3
Copper 26 21 23 28 84 19 15 19 31 30
Iron 610 310 120 200 170 220 120 280 410 340
Lead 18,22 16.43 14.62 18.66 18.24 15.83 16.41 15.8 12.4 15.71
Manganese NA NA NA NA NA NA NA NA NA NA
Mercury R R R R R R R R_ R R
Nickel 0.25 U 0.7 2 1.3 1.1 1.5 0.25 U 24 1.' 3.1
Silver 1.6 1.8 1.4 1.7 1.3 0.05 U 1.7 1.5 1.5 1.6
Zinc 170 140 100 130 260 420 170 180 200 270
Total Organic Carbon (percent)

ITolal Organic Carbon I I I I 1.8 I 1.1 I 0.9 I a.' I 1 I 1.8 I 1.' I 1.3 I 1.2 I 1.1 I
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Polyaromatlc Hydrocarbons {ugIL)
I

Sample Location OFF-11 OFF-12 OFF-i3 OFF-14 OFF-iS OFF-i6 OFF·1? OFF-iS OFF-i9 OFF-20 OFF-21 OFF·22 OFF-23
Sample Depth Interval 0-15cm a·15cm 0·15 em 0-15 em 0-15cm 0·15 em 0-150m 0-15cm 0-15cm 0·15 em a·15cm 0-15cm 0-15cm

Date Sampled 4/3/98 413198 4f3f98 417198 417198 4/3/98 4/3/98 4/3198 4f7J98 4131gB 4131gB 3/27198 4/3/98

1-Methylnaphthalene 7.05E-02 J 3.94E-01 J i.3SE-01 J 5.88E-02 4.79E-02 J 8.47E-02 J 5.29E·02 J R82E-02 J 8.15E-02 2,38E-01 J 4.19E-02 J 1.92E-02 J i.29E-01

1-Methylphenanlhrene 1.36E·02 8.92E·02 4.49E-02 J 1.02E-02 9.63E-OS 1.70E-02 J 9.B7E-03 2.74E-02 7.06E-03 1.96E-02 8.51E-03 2.03E-03 J 1,87E-02
2,3,5-Trimethylnaphthalene NA NA NA NA NA NA NA NA NA NA NA NA NA
2,6-Dimethylnaphthalene 4.94E-02 J 1.04E-01 J 4.05E-02 J 2,29E-02 1.79E-02 J 4.27E-02 J 2.S0E-02 J 3.33E-02 J 5.50E-02 5.61E-02 J 1.7SE-02 J 1.31E-02 J 4.20E-02
2-Methylnaphthalene 1.99E-01 J 5.85E-01 J 2.05E-01 J 9,69E-02 9,90E-02 1.1SE-01 J 9.48E-02 J 2,OOE-01 J 1.36E-01 2,20E-01 J 7.12E-02 J 2.98E-02 J 2.01E-01
Acenaphthene 3.5SE-01 1.80E+OO 3.SSE-01 J 7.9SE-02 5.9SE-02 J 2.03E·01 J 1.38E-01 2.09E-01 2.12E-01 4.S9E-01 5.72E-02 1.94E-02 J 4.64E-01
Acenaphthylene S.54E-02 2.43E·01 4.07E-01 J 1.32E·01 1.03E-01 1.44E-01 J 1.65E-01 3.6SE-01 1.46E-01 6.72E-02 8,30E-02 3.53E-02 J 3.00E-01
Anthracene 1.96E-01 J 7.70E-01 J 4.06E-01 J 8.72E-02 9.82E-02 1.14E-01 J 1.55E-01 J 2.86E-01 J 1.21E-01 3.18E-01 J 7.01E-02 J 2.46E-02 J 4.34E-01
Benzo(a)anthracene 3.81E-02 1.20E-01 7.23E-02 J 2.69E-02 2.20E-02 1.S7E-02 J 2.41E-02 4.55E-02 2.72E-02 3.47E-02 1.64E-02 6.83E-03 5.69E-02
Benzo(a)pyrene 1.33E-02 5.60E-02 2.S3E-02 J 1.26E-02 S.46E-03 S.34E-03 J 1.26E-02 2,37E-02 1.09E-02 UOE·02 7.54E-03 2,94E-03 2,77E-02
Benzo(bj, k)lIuoranthene 2.0SE-02 S.78E-02 4.S8E-02 J 1.84E-02 2.4SE-02 1.34E-02 J 2.02E-02 4.60E-02 1.71E-02 2,05E-02 1.31E-02 4.86E-03 4.5SE-02
Benzo(e)pyrene 9.5SE-03 J 4.26E-02 J 2.31E-02 J 1.0SE-02 1.15E-02 7.09E-03 J 1.03E-02 J 2,37E-02 J 7.95E-03 8.44E-03 J 6.77E-03 J 3.74E-03 J 2.51E-02
Benzo(g,h,i)Perylene 2.24E-03 J 8,45E-03 J 4.82E-03 J 2,53E-03 2.16E-03 1.S0E-03 J 2.69E-03 J 5.83E-03 J 1.80E-03 1.48E-03 J 150E-03 J 1.20E-03 J 6.72E-03
Biphenyl 4.30E-02 J 1,47E-01 6.56E-02 J 2.0SE-02 U 3.41E·02 U 4,48E-02 J 2.76E-02 J 5.53E-02 S.03E-02 9.96E-02 3.28E-02 J 7.87E-03 J 6.07E-02
Chrysene/triphenyJene 2.65E-02 9,95E·02 4,82E-02 J 2.37E-02 1.81E-02 1.45E·02 J 1.95E.Q2 J 3.93E-02 2.38E-02 3.21E-02 1.64E·02 5.12E·03 4.9SE-02
Dlbenzo(a, h)Anthracene 5.76E-04 J 2.97E-03 J 1.41E-03 J 6.92E·04 9.72E-04 5.06E-04 J 7,76E-04 J 1.81E-03 J 5.25E-04 5.80E-04 J 4.66E-04 J 2A9E-04 J 1.76E·03
Fluoranthene 3.27E-01 1.16E+OO 6.02E-01 J 1.43E-01 1.43E-01 1.S8E-01 J 1.S8E-01 J 4.3SE-01 1.73E·01 3.5SE-01 1.17E-01 4.70E-02 S,3SE-01

Fluorene 1.66E-01 J 7.S8E-01 J 2.23E-01 J 6.25E-02 4.60E-02 9.53E·02 J S.64E-02 J 1.36E-01 J 1,29E-01 2.93E·01 J 3.S7E-02 J 1.34E-02 J 2,8SE-01

Indeno(1,2,3-cd)pyrene 2.28E·03 9.02E-03 4.69E-03 J 2.50E-03 2.81E-03 1.74E·03 J 2,6SE-03 S.70E-03 1.95E-03 1.89E-03 1.S9E-03 7.57E-04 5.49E-03
Naphthalene 4,43E-01 2.55E+OO 7.61E-01 J S.12E-01 4.69E-01 3.S1E-01 J 4.78E-01 8,47E·01 9.14E-01 8.67E-01 1.S8E·01 1.22E-01 J 7.67E-01
Perylene 3,57E-03 1.16E-02 7.14E-03 J 4.4SE-03 3.09E-03 2.73E·03 J 3.49E-03 7.79E-03 3.33E-03 3.11E-03 2.12E·03 1.12E-03 8.57E-03
Phenanthrene 7,28E-01 3.38E+00 1,21E+OO J 2.19E-01 2A5E·01 4,28E-01 J 3.51E-01 7.72E·01 3.41E-01 1.21E+OO 1.84E-01 6.08E-02 9.60E-01
Pyrene 2.90E·01 1,14E+OO 5.99E-01 J 1,63E-01 1,48E-01 1.S7E-01 J 1.98E-01 J 4.29E-01 1.71E-01 3.09E-01 1.38E-01 5.04E-02 4.98E·01
Sum PAHs (6 High Molecular Weight)' 6.9SE-01 2,58E+OO 1.35E+OO 3.69E-01 3AOE-01 3.87E-01 4.43E-01 9.74E-01 4.06E·01 7.43E-01 2.96E-01 1.13E·01 1,17E+OO

Sum PAHs (l Low MolecularWelght)( i 2.17E+OO 1.01E+01 3.60E+OO 1,19E+OO 1.12E+OO 1.48E+OO 1,47E+OO 2.82E+OO 2.00E+OO 3.43E+OO 6.90E-01 3.06E-01 3.41E+OO
Sum PAHs (NOAA Status &Trends)- 2.S7E+OO 1.27E+01 4.95E+OO 1.S6E+OO 1A6E+OO 1.S7E+OO 1,91E+OO 3.79E+OO 2.40E+OO 4.18E+OO 9.S5E·01 4.18E·01 4,58E+OO

Pesticides/PCBs {ugIL)
1a,2a,3b,4a,Sa,6b-hexachlorocyclohexane -
(gamma-BHC) 4.90E-03 U 2.16E-03 U 1.35E-03 U 2.70E-03 U 7.49E-03 J 2.07E-03 U 2.07E-03 U 1,35E-03 U S.58E-03 2.34E-03 U 2.34E-03 U 4.15E-03 U 2.00E-03 U

2,4'·00E 8.23E·06 U S.1SE-06 2.26E-06 U 4.53E-06 U 7.54E-06 U 3.48E-06 U 3A8E-06 U 2.26E-06 U 3,12E-06 U 3.94E·06 U 3.94E-06 U 6.96E-06 U 3.35E-06 U
2,4'-ODT 1.03E-05 U 5,43E-06 J 6.79E-06 5.66E-06 U 9,43E-06 U 1.04E-05 6.09E-06 J 1.02E-05 3.90E·06 U 4.92E-06 U 4.92E-06 U 8.70E-06 U 6.70E-06
4,4'-000 3.67E-OS U 4.52E-04 J 4.96E-04 J 7,06E-OS 5.04E-05 J 8,53E-OS J S.OOE-04 J 3.98E-04 J 3.82E-05 4.S2E-05 J 1.0SE-04 J 3.10E-OS U 2.73E-04
4,4'-ODE 9.26E-06 U 5.61E-05 6,11E-OS 1,02E-05 J 9.43E-06 J 7.83E-06 U 1.00E-OS U 5.94E-05 9.36E-06 5,41E.Q6 U 8.SSE-06 U 7.S3E-06 U 2.68E-05
4,4'-00T 3.29E-OS 4.34E-05 6.17E-05 2.26E-05 1-51E-05 1.39E·05 3.57E-OS 5.37E-05 1.40E-OS 1.67E-OS 2.07E-OS 1,04E-OS J 3.44E-OS

Aldrin DOE·OS U 5.71E-06 U 3.57E-06 U 7.13E-06 U 1.19E-OS U 5.49E-06 U S.49E-06 U 3.57E-06 U 2,81E-06 J 6.20E·06 U 6,20E-06 U 1.10E-05 U 5.2SE·06 U
alpha-Chlordane 1,48E-05 U 1.96E-OS 1.43E-OS 4,08E-06 J 3.40E-06 J 1,41E-05 6.27E-06 U 1.12E-OS 1.12E-05 7.09E-06 U 7.09E-06 U 1.2SE-OS U 1.21E-OS J
Heptachlor 9.26E-06 U 4.08E-06 U 6.62E-06 U 4.0SE-06 J 3AOE-06 J 3.92E.Q6 U 3.92E-06 U 2,5SE-06 U 3.51E-06 U 4,08E-06 U 4,43E-06 U 7.S4E-06 U 3,77E-06 U

Heptachlor Epoxide 1.04E-04 J 3.91E-05 J 1.12E-OS J 5,09E·06 U 8,49E-06 U 3,92E-06 U 3.92E-06 U 1.02E-05 J 3,51E-06 U 4,43E-06 U 4.43E-06 U 7.S4E-06 U 3.77E-06 U
Hexachlorobenzene 2.9SE-OS U 2.59E-05 U 8,11E-06 U 1.62E-OS U 2.70E-05 U 1.25E-05 U U5E·OS U 8,11E·06 U 5.03E-05 1,41E-D5 U 1.41E-05 U 2,49E·OS U 3.DOE-05

Mirex 4.60E-06 U 2.02E-06 U 1.26E-D6 U 3,37E-06 J 5,62E-06 J 1,95E.Q6 U 1.95E-06 U 1.26E-06 U 1.74E-06 U 2,20E-06 U 2.20E·06 U 3.89E-06 U 6,87E-06 J

PC8101/90 5.3SE-05 U 8.77E-OS 7.89E-OS S,88E-05 2,01E-OS U 1.95E-05 U 2,16E-05 U 6.02E-05 3.32E-05 2.21E·05 U 2,56E-05 U 1.44E-05 U 5.74E-05
PCB 105 1.72E-D5 U 1.97E-OS J 2.S4E-DS J 6.53E-06 UJ 7,26E-06 U 5.02E-06 U S.S8E-06 U 1,74E-05 J 3.00E-06 U 3,79E-06 U 5.68E-06 U 2.23E-06 U 1.83E-05 J
PCB 118 4.30E-05 3.03E-05 3.91E-05 V2E-05 1.58E-05 2.09E-05 1.55E-05 3.26E-05 1.14E-05 1.85E-05 2.06E-05 6.37E-06 U 2,37E-05

PC8126 1.07E-05 J 1,21E-OS J 2.07E-05 J 927E·06 3.51E-06 UJ 7.78E-06 J 8A3E-06 J 7.59E-06 J 2,03E-06 U 8.06E-06 J 5,13E-06 J 3.24E-06 U 1.2SE-05
PCB 128 1.29E-OS 1,7DE·D5 2.37E-OS 4.74E-06 U 3,95E-06 UJ 9.11E-06 8.20E-06 1A2E-05 2.04E-06 U 7.21E-06 9.26E-D6 4,55E-06 U 2.02E-05
PCB 138f1631164 6.14E-05 5.95E-05 6.42E-05 2.99E-05 2.74E-OS 3.64E·DS 2.38E·05 5.S9E-D5 2.0DE-DS 3.44E-D5 2,44E-OS 1.34E-OS 5.44E-05

PCB 153 4.73E-05 3,4DE-05 3.66E-D5 2,68E-05 223E-05 2,OOE-05 1.70E-OS 2.95E-05 1.30E-05 2.47E-DS 1.85E·OS S,48E-06 2.45E-05

PCB 170 9,73E-06 1,08E-OS 1.D3E·05 1,61E·06 U 1.78E-06 U 4.12E-06 1.78E-06 U 5.17E-06 1.11E-06 U 4.6SE·06 1.71E-D6 U 1.37E-06 U 5.5SE-06
PCB1S 2.25E-D3 6.7SE-04 8.82E-OS J 3.8SE-04 2.06E-04 U 8.15E-OS J 9.50E-05 U 6.18E-05 U 3,16E-04 J 1.07E-04 U 1,07E-04 U 1.90E-04 U 9.15E-05 U
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Notes.

112 of the detection limit was used for all non-detected results
The pore water concentrations for the organic constituents is calculated using the fo!1owing equation: [PW] =[SDJI(Koc'foc}

Where: [PW] =Pore water concentration

[SD] =Sediment concentration
Koc =Organic carbon partitioning coefficient
foe =Fraction of organic carbon =Total Organic Carbonl100

The pore water concentrations for the metals were measured

Sample Location OFF-11 OFF-12 OFF-i3 OFF·14 OFF·1S OFF-iS OFF-1? OFF-1S OFF·i9 OFF-20 OFF·21 OFF-22 OFF-23
Sample Depth Interval 0-15 em 0-15 em 0-15 ern 0·15 em 0-15 em 0-15cm 0-15 em 0·15 em 0-15cm 0-15 em 0-15 em 0-15cm 0·15 em

Date Sampled 4131gB 4/3/98 413198 4f7198 417198 413198 4/3198 4/3/98 417198 4131gB 413/98 3/27198 4/3198

PCI5~a1ic Hydrocarbons (ugll) i.S9E-OS 1.49E-05 1.3SE-OS 4.S6E-06 5.S3E-OS 3.80E-06 2.9iE-Oe 7.56E-06 3.SiE-OS 4.81E-06 3.29E·OS 1.34E-06 J 7.33E-06
PCB 187{182/159 1.63E-05 1.32E-05 1.23E-05 B,OSE-OS 2.61E-06 U 5.SSE-OS 4.47E-06 8.50E·06 3.39E-06 SASE-OS 5.S3E-OS J 3.44E-06 1.03E-OS
PCB 188 i.C8E-OS J 7.90E-OS 7.90E-OS 7.90E-OS 4,94E-OS U 7.S0E-OS 2.28E-OB U 7.41E-OB 3.41E-OS J 5.1SE-OB 5.15E-06 4.SSE-OB U 7.32E-OS
PCB 19S 2.3SE-OB 1.18E-OS J 3.42E-OS S5SE-07 U 9.2SE-07 U 4.27E-07 U 4.27E-07 U 2.78E-07 U 3.83E-07 U 4.83E-07 U 4.83E-07 U 8,S4E-07 U 1.03E-OS UJ
PCB 200 2.S9E-OB J 4.S7E-06 4.46E-0? U 1.43E-OS J 2.38E-OB J B8BE-07 U 8.23E-07 J 2.14E-OB 1.48E-OB 1.24E-OS J 9.30E-07 J 1.10E-OS J 2.91E-OB
PCB20B 7.60E-07 U 4.24E·07 U 1.11E-OS S.S7E-07 6.S0E-07 U9E·07 U 3.22E-07 U 3.21E-07 U 3.08E-07 2.42E-07 U 2.67E-07 U 4,29E-07 U 4.96E-07
PCB 209 2.07E-07 U 6_00E-07 6.82E-0? SA6E-07 4.SSE-07 1,40E-07 U 4.90E-07 5.91E-07 2.82E-07 1.9SE-07 U 1.38E-07 U 1.7SE-07 U 5.0SE·07
PCB 28/50 1,79E-03 4,48E-04 R67E·OS 120E-04 6.67E-OS J 3.S9E-OS U 3.59E-OS U 4.67E-OS M8E-05 J 4.06E-OS U 4.06E-OS U 7.18E-OS U 1,48E-04

PCB 29 9,94E·OS U 'l.38E-OS U 2.73E-OS U S.47E-OS U 9.12E-OS U 'l.21E-OS U 4.21E-OS U 2.73E-OS U 3.77E·OS U 'l.76E-OS U 4.76E-OS U 8.41E-OS U 4.0SE-OS U
PCB 44 6,68E-04 J 1.78E-0'l J 1.34E-04 J S.68E-OS 4,64E-OS U 6,8SE-OS J 4.28E-OS J 6.68E·OS J 6,4'lE-OS J 3.87E·OS J 4.84E-OS J 3.42E-OS J 9.07E-OS
PCB SO 6.64E-OS U 2.92E·OS U 1.83E-OS U 3,65E-05 U M8E-05 U 2,81E-05 U 2.81E-05 U 1.S3E-05 U 2,52E-05 U 3.17E-05 U 3.17E-05 U 5.62E-05 U 2.70E-05 U
PCB 52 5.61E-04 J 2.32E-04 J 1,32E-04 J 9,99E-05 S,30E-05 U 2,79E-05 U 2,44E-OS U S,4SE-OS J 2.82E-05 UJ 2.76E-OS U 3.55E-OS U 4.89E-OS U 9.41E-OS
PCB 66f9S 4.75E-04 1.S1E·04 9.24E-05 8,84E-05 3.01E-OS U S.26E-OS 4.02E-05 7.84E-05 6,37E·OS 4.89E-OS 5.59E-OS 3.09E-05 U 8.04E-05
PCB8 7.54E-04 B,22E-04 2.33E-04 1.30E-04 U 1.30E-04 U 2,39E-04 5.9SE-05 U 2.07E-04 3.04E-03 6.77E-OS U 6.77E-OS U 1.20E-04 U 1.1SE-04 U
PCB 87 4.77E-05 J 4.20E-OS J 4.10E-OS J 9.83E-06 U 1.64E-05 U 1.77E-OS J 1.51E·OS J 2.62E-05 J 1.13E-OS J 8.5SE-OB UJ 1.71E-OS J 1.S1E-05 UJ 2.67E-05
trans-Nonachlor 6,41E-OS U 4.23E-06 J 4.41E-06 J 3.S3E-06 J 2.94E·06 J 2.71E-06 U 2.71E-06 U 4.41E-06 J 4.26E-OS J 3.07E-06 U 3.07E·06 U S.43E-06 U 7.84E·OS

Sum ofPCB Congeners 7.02E-03 2.75E-03 1.19E-03 1.18E-03 8.19E-04 ?3SE-04 4.97E.Q4 8.40E-04 3.?4E-03 S,60E-04 S.79E-04 7.17E·04 9.61E-04
Sum ofPCB Congeners X 2 1.40E-02 S,SOE-03 2.38E-03 2,37E-03 1.64E-03 1.47E-03 9.94E-04 1.68E-03 7.49E·03 1.12E-03 1.15E-03 1.43E-03 1.92E-03

Metals (ug/L)

Aluminum S3.8 54,2 47.3 52.7 59,6 49,2 58.7 53.4 S1.3 49,8 55.1 49.2 59.7
Arsenic 2 2.• 2.7 2.8 3.4 2.• 3.• 1.5 3 2.' 3 2.• 1.8
Barium 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Cadmium 0.4 0.7 0.8 0.7 0.• 0.• 0.• 0.7 0.8 0.• 0.4 0.• 0.4
Chromium 20,8 14.7 19.5 18.6 21.3 23.8 17,3 19.5 17.4 18.5 25.6 17.2 19,7
Copper 31 17 21 18 26 19 24 28 20 21 18 18 11
Iron '70 210 230 160 230 340 180 270 2.0 110 530 250 3.0
Lead 13.24 21.4 18.5 19.9 14.3 12 18,1 12.5 11.7 15.9 11,3 17.14 27.9
Manganese NA NA NA NA NA NA NA NA NA NA NA NA NA
Mercury R R R R R R R R R R F>- R R
Nickel 0.• 1.3 1.7 2.1 2.5 1.5 1 1.• 1.3 1.4 1.3 1.5 1.•
Silver 1.4 1.3 1.• 1.4 1.2 1.6 1.2 1.8 1.5 1.• 1.4 1.2 1.8
Zinc 260 140 160 110 ,.0 210 240 180 150 150 220 200 160

Total OrganIc Carbon {percent)

ITotal Organic Carbon I 1.1 I 2.5 I , I 2 I 1.2 I 2.6 I 2.• I 4 I 2.• I 23 I 2.3 I 1.3 I 2.7 I

Footnotes:

1 • Sources of LogKowvalues are Karickhoff and Long. 1995 or Karickhoff et aI., 1989
2 - LogKoc value is calculated using the following equantlon from Karickhoff et aI., 1989: Log'o(koc} = 0.00028 + 0.983·log,o{Kow)
3 - The pore water concentrations for HMW PAHs were calculated by summin9 the pore water concentrations lor the following individual PAHs:

[benzo(a}anthracene, benzo(a)pyrene, chrysene, dibenz(a,h)anthracene, l!uoranthene, and pyrene]

4 - The pore water concentrations lor LMW PAHs were calculated by summing the pore water concentrations lor the lollowing individual PAHs'
(2-methylnaphthalene, acenaphthalene, acenaphthylene, anthracene, fluorene, naphthalene, and phenanthrene)

5 - The pore water concentrations lor total PAHs were calculated by summing the pore water concentrations for HMW and LMW PAHs
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Sea Urchin Development Test with Amphipod Test with
Pore Water Samples Sediment Samples

Mean Number of Normal Larvae I '1 Toxic Mean I Toxic
Station 100%(1) I 50%(1) I 10%(1) I EC50(2) Samples(3) Survival Samples(3)

SIte StatIons
OF-1 a 7 84 30 Toxic 95
OF-2 a 13 88 33 Toxic 87
OF-3 4 73 88 71 92
OF-4 85 83 90 >100 90
OF-5 a 1 19 6 Toxic 72 Toxic
OF-6 6 79 85 74 94
OF-7 1 81 88 73 94
OF-8 a 71 80 72 100
OF-9 3 a 74 29 Toxic 95

OF-10 a 74 91 69 100
OF-11 9 95 94 78 98
OF-12 a 1 93 30 Toxic 100
OF-13 a a 93 30 Toxic 99
OF-14 54 81 79 >100 99
OF-iS a 41 87 49 Toxic 98
OF-16 a 93 90 75 97
OF-17 17 94 94 81 98
OF-18 1 a 94 30 Toxic 96
OF-19 a 33 85 43 Toxic 98
OF-20 2 89 93 75 100
OF-21 7 88 91 76 98

Reference St=.at=./o::::nc::s~__ -----=co-- _---,;;-:;- =_-, _
I ~~:;; I ~ 8

0
2 ~~ ~~ Toxic ~r---;c~~;;---,-----

Notes:
1 - Value is the percentage of pore water used in the toxicity test.
2 - The EC50 value is the percentage of pore water that causes 50% of the larvae to development abnormally.
3 - Samples with EC50 values of greater than -70% are considered non-toxic.

NA - Not Applicable because the sample is a control sample
Source of data Is Technical Support Document for the Marine Ecological Risk Assessment

for OFFTA (TtNUS, 1998)
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Non~Toxic Sea Urchin Samples(1)
Frequency Location of Selected

of Maximum Maximum Data Statistic Pore Water

PARAMETER Detection Detection Detection Distribution Selected(S) Concentration
Metals (ug/L)
Aluminum 12/12 6.51 E+01 OFF-21-PW Lognormal 95% UL-T 6.60E+01
Arsenic 12/12 3.90E+00 OFF-17-PW Lognormal 95% UL-T 3.87E+00

OFF-16-PW,
OFF-20-PW,

Cadmium 12/12 9.00E-01 OFF-4-PW Normal 95% UL-N 1.01 E+OO
Chromium 12/12 2.56E+01 OFF-21-PW Lognormal 95% UL-T 2.59E+01

Copper 12/12 3.10E+01 OFF-11-PW Lognormal 95% UL-T 3.26E+01
Iron 12/12 5.30E+02 OFF-21-PW Lognormal 95% UL-T 5.91E+02
Lead 12/12 1.99E+01 OFF-14-PW Normal 95% UL-N 2.03E+01
Nickel 11 / 12 3.10E+00 OFF-10-PW Normal 95% UL-N 2.92E+00

OFF-4-PW,
Silver 11 / 12 1.70E+OO OFF-7-PW Undefined 95% UL-T 6.71 E+OO
Zinc 12/12 4.20E+02 OFF-6-PW Lognormal 95% UL-T 3.99E+02
SEM and AVS (umol/g)

SEM-AVS
PAHs (ug/L)

4.89E-01 J OFF-3-PW Undefined 4.89E-01

PesticIdes (ug/L)

1-Methylnaphthalene 12/12 9.17E-01 J OFF-6-PW Lognormal 95% UL-T 1.21E+00
1-Methylphenanthrene 12/12 6.07E-01 OFF-3-PW Lognormal 95% UL-T 6.99E-01
2,6-Dimethylnaphthalene 12/12 2.42E-01 J OFF-6-PW Lognormal 95% UL-T 3.00E-01
2-Methylnaphthalene 12/12 1.24E+00 J OFF-3-PW Lognormal 95% UL-T 1.49E+00
Acenaphthene 12/12 5.77E+00 OFF-3-PW Lognormal 95% UL-T 5.61 E+OO
Acenaphthylene 12/12 4.92E+00 OFF-4-PW Lognormal 95% UL-T 5.26E+00
Anthracene 12/12 5.46E+00 J OFF-3-PW Lognormal 95% UL-T 5.91 E+OO
Benzo(a)anthracene 12/12 1.58E+00 OFF-3-PW Lognormal 95% UL-T 1.42E+00
Benzo(a)pyrene 12/12 3.78E-01 J OFF-3-PW Lognormal 95% UL-T 3.57E-01
Benzo(b,j, k)ftuoranthene 12/12 1.54E+00 J OFF-3-PW Undefined 95% UL-T 1.02E+00
Benzo(e)pyrene 12/12 5.75E-01 J OFF-3-PW Undefined 95% UL-T 4.02E-01
Benzo(g,h, i)Perylene 12/12 1.55E-01 J OFF-3-PW Undefined 95% UL-T 1.03E-01
Biphenyl 10/12 5.49E-01 OFF-3-PW Lognormal 95% UL-T 4.50E-01
Chrysene/triphenylene 12/12 1.26E+00 OFF-3-PW Lognormal 95% UL-T 1.04E+00
Dibenzo(a,h)Anthracene 12/12 8.28E-02 J OFF-3-PW Undefined 95% UL-T 4.71 E-02
Fluoranthene 12/12 1.50E+01 OFF-3-PW Lognormal 95% UL-T 1.33E+01
Fluorene 12/12 4.83E+00 J OFF-3-PW Lognormal 95% UL-T 4.74E+00
Indeno(1,2,3-cd)pyrene 12/12 2.12E-01 J OFF-3-PW Undefined 95% UL-T 1.28E-01
Naphthalene 12/12 8.24E+00 OFF-3-PW Lognormal 95% UL-T 1.05E+01
Perylene 12/12 1.87E-01 J OFF-3-PW Lognormal 95% UL-T 1.48E-01
Phenanthrene 12/12 4.00E+01 OFF-3-PW Lognormal 95% UL-T 3.86E+01
Pyrene 12/12 1.13E+01 OFF-3-PW Undefined 95% UL-T 1.07E+01
Sum PAHs (6 High Molecular Weight) 12/12 2.96E+01 OFF-3-PW Lognormal 95% UL-T 2.68E+01
Sum PAHs (7 Low Molecular Weight) 12/12 6.96E+01 OFF-3-PW Lognormal 95% UL-T 6.99E+01
Sum PAHs (NOAA Status &Trends) 12/12 9.92E+01 OFF-3-PW Lognormal 95% UL-T 9.66E+01..
2,4'-DDE 0/12 O.OOE+OO None Lognormal NA O.OOE+OO
2,4'-DDT 5/12 6.54E-05 OFF-4-PW Undefined 95% UL-T 3.82E-05
4,4'-DDD 10/12 5.00E-04 J OFF-17-PW Lognormal 95% UL-T 5.11 E-04
4,4'-DDE 4/12 4.78E-05 OFF-6-PW Lognormal 95% UL-T 4.85E-05
4,4'-DDT 12/12 2.89E-04 OFF-4-PW Undefined 95% UL-T 2.03E-04
Aldrin 1 /12 3.14E-06 J OFF-8-PW Lognormal 95% UL-T 1.96E-05
Alpha-Chlordane 7/12 5.43E-05 OFF-4-PW Lognormal 95% UL-T 4.95E-05
Gamma-SHC 3/12 7.99E-03 J OFF-6-PW Lognormal 95% UL-T 8.79E-03
Heptachlor 2/12 6.44E-06 J OFF-7-PW Undefined 95% UL-T 2.08E-05
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PCBs (ugIL)

Non~ToxicSea Urchin Samples(1)
Frequency Location of Selected

of Maximum Maximum Data Statistic Pore Water
PARAMETER Detection Detection Detection Distribution Selected(5) Concentration

Heptachlor Epoxide 2/12 1.04E-04 J OFF-11-PW Undefined 95% UL-T 4.83E-05
Hexachlorobenzene 0/12 O.OOE+OO None Lognormal NA O.OOE+OO
Mirex 3/12 4.68E-06 J OFF-6-PW Normal 95% UL-N 6.18E-06

PCB 101/90 3/12 1.72E-04 OFF-4-PW Lognormal 95% UL-T 1.38E-04
PCB 105 0/12 O.OOE+OO None Lognormal 95% UL-T O.OOE+OO
PCB 118 12/12 4.74E-05 OFF-3-PW Lognormal 95% UL-T 4.79E-05
PCB 126 8/12 3.18E-05 J OFF-4-PW Lognormal 95% UL-T 3.04E-05
PCB 128 9/12 5.52E-05 OFF-4-PW Lognormal 95% UL-T 4.04E-05
PCB 138/163/164 12/12 2.45E-04 OFF-4-PW Undefined 95% UL-T 2.09E-04
PCB 153 12/12 4.73E-05 OFF-11-PW Lognormal 95% UL-T 4.78E-05
PCB 170 5/12 1.43E-05 OFF-4-PW Lognormal 95% UL-T 1.30E-05
PCB18 6/12 2.25E-03 OFF-11-PW Lognormal 95% UL-T 2.13E-03
PCB 180 12/12 1.69E-05 OFF-11-PW Lognormal 95% UL-T 1.87E-05
PCB 187/182/159 11 / 12 2.78E-05 OFF-4-PW Lognormal 95% UL-T 2.11 E-05
PCB 188 9/12 2.85E-05 OFF-6-PW Lognormal 95% UL-T 2.42E-05
PCB 195 2/12 4.93E-06 OFF-4-PW Undefined 95% UL-T 3.27E-06
PCB 200 11 /12 1.43E-05 OFF-4-PW Lognormal 95% UL-T 1.15E-05
PCB 206 3/12 6.86E-07 OFF-8-PW Lognormal 95% UL-T 1.38E-06
PCB 209 5/12 2.07E-06 J OFF-6-PW Lognormal 95% UL-T 1.29E-06
PCB 28/50 6/12 1.79E-03 OFF-11-PW Lognormal 95% UL-T 8.73E-04
PCB 44 11 /12 6.68E-04 J OFF-11-PW Undefined 95% UL-T 6.98E-04
PCB 52 5/12 5.61 E-04 J OFF-11-PW Lognormal 95% UL-T 5.42E-04
PCB 66/95 12/12 4.75E-04 OFF-11-PW Lognormal 95% UL-T 3.58E-04
PCB 8 4/12 1.04E-03 J OFF-3-PW Lognormal 95% UL-T 9.25E-04

OFF-3-PW,
PCB 87 8/12 5.83E-05 J OFF-6-PW Lognormal 95% UL-T 8.32E-05
Sum of PCB Congeners 12/12 7.02E-03 OFF-11-PW Lognormal 95% UL-T 6.09E-03
Sum of PCB Congeners X 2 12/12 1.40E-02 OFF-11-PW Lognormal 95% UL-T 1.22E-02
Trans-Nonachlor 4/12 1.37E-05 J OFF-3-PW Lognormal 95% UL-T 1.22E-05
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Toxic Sea Urchin Samples(2)

Frequency Location of Selected
of Maximum Maximum Data Statistic Pore Water

PARAMETER Detection Detection Detection Distribution(6) Selected Concentration
Metals (ug/L)
Aluminum 8/8 6.93E+01 OFF-9-PW < 11 Samples Max 6.93E+01
Arsenic 9/9 5.50E+00 OFF-2-PW < 11 Samples Max 5.50E+00

OFF-13-PW,
OFF-19-PW,

Cadmium 9/9 8.00E-01 OFF-9-PW < 11 Samples Max 8.00E-01
Chromium 9/9 2.86E+01 OFF-1-PW < 11 Samples Max 2.86E+01

Copper 9/9 8,40E+01 OFF-5-PW < 11 Samples Max 8,40E+01
Iron 9/9 6.10E+02 OFF-1-PW < 11 Samples Max 6.l.OE+02
Lead 9/9 2.14E+01 OFF-12-PW < 11 Samples Max 2.14E+01
Nickel 8/9 2.50E+00 OFF-15-PW < 11 Samples Max 2.50E+00

Silver 9/9 1.90E+00 OFF-13-PW < 11 Samples Max 1.90E+00
Zinc 9/9 2.60E+02 OFF-5-PW < 11 Samples Max 2.60E+02
SEM and AVS (umol/g)

SEM-AVS
PAHs (ug/L)

7/7 -3.65E+00 J OFF-15-PW < 11 Samples -3.65E+00

Pesticides (ug/L)

1-Methylnaphthalene 9/9 3,48E+00 J OFF-5-PW < 11 Samples Max 3,48E+00
1-Methylphenanthrene 9/9 1,48E+00 OFF-5-PW < 11 Samples Max 1,48E+00
2,6-Dimethylnaphthalene 9/9 1,40E+00 J OFF-5-PW < 11 Samples Max 1,40E+00
2-Methylnaphthalene 9/9 4.13E+00 J OFF-5-PW < 11 .Samples Max 4. 13E+00
Acenaphthene 9/9 1.35E+01 OFF-5-PW < 11 Samples Max 1.35E+01
Acenaphthylene 9/9 5.31 E+OO OFF-5-PW < 11 Samples Max 5.31 E+OO
Anthracene 9/9 9,46E+00 J OFF-5-PW < 11 Samples Max 9,46E+00
Benzo(a)anthracene 9/9 2.32E+00 OFF-5-PW < 11 Samples Max 2.32E+00
Benzo(a)pyrene 9/9 4.76E-01 OFF-5-PW < 11 Samples Max 4.76E-01
Benzo(b,j, k)fiuoranthene 9/9 2.01 E+OO OFF-5-PW < 11 Samples Max 2.01E+00
Benzo(e)pyrene 9/9 7,48E-01 J OFF-5-PW < 11 Samples Max 7,48E-01
Benzo(g,h, i)Perylene 9/9 1.55E-01 J OFF-5-PW < 11 Samples Max 1.55E-01
Biphenyl 7/9 1.93E+00 OFF-5-PW < 11 Samples Max 1.93E+00
Chrysene/triphenylene 9/9 1.82E+00 OFF-5-PW < 11 Samples Max 1.82E+00
Dibenzo(a,h)Anthracene 8/9 9.04E-02 J OFF-5-PW < 11 Samples Max 9.04E-02
Fluoranthene 9/9 1.78E+01 OFF-5-PW < 11 Samples Max 1.78E+01
Fluorene 9/9 9.88E+00 J OFF-5-PW < 11 Samples Max 9.88E+00
Indeno(1,2,3-cd)pyrene 9/9 2.14E-01 OFF-5-PW < 11 Samples Max 2.14E-01
Naphthalene 9/9 1.28E+01 OFF-5-PW < 11 Samples Max 1.28E+01
Perylene 9/9 1.65E-01 OFF-5-PW < 11 Samples Max 1.65E-01
Phenanthrene 9/9 4.91 E+01 OFF-5-PW < 11 Samples Max 4.91 E+01
Pyrene 9/9 1.60E+01 OFF-5-PW < 11 Samples Max 1.60E+01
Sum PAHs (6 High Molecular Weight) 9/9 3.85E+01 OFF-5-PW < 11 Samples Max 3.85E+01
Sum PAHs (7 Low Molecular Weight) 9/9 1.04E+02 OFF-5-PW < 11 Samples Max 1.04E+02
Sum PAHs (NOAA Status &Trends) 9/9 1,43E+02 OFF-5-PW < 11 Samples Max 1,43E+02..

2,4'-DDE 1 /9 8.15E-06 OFF-12-PW < 11 Samples Max 8.15E-06
2,4'-DDT 6/9 3.85E-05 OFF-5-PW < 11 Samples Max 3.85E-05
4,4'-DDD 8/9 4.96E-04 J OFF-13-PW < 11 Samples Max 4.96E-04
4,4'-DDE 5/9 6.11E-05 OFF-13-PW < 11 Samples Max 6.11 E-05
4,4'-DDT 9/9 2.56E-04 OFF-5-PW < 11 Samples Max 2.56E-04
Aldrin 1 /9 2.81 E-06 J OFF-19-PW < 11 Samples Max 2.81 E-06
Alpha-Chlordane 9/9 5.71 E-05 OFF-5-PW < 11 Samples Max 5.71 E-05
Gamma-BHC 3/9 7,49E-03 J OFF-15-PW < 11 Samples Max 7,49E-03
Heptachlor 1 /9 3,40E-06 J OFF-15-PW < 11 Samples Max 3,40E-06
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Toxic Sea Urchin samples(2)
Frequency Location of Selected

of Maximum Maximum Data Statistic Pore Water

PARAMETER Detection Detection Detection Distribution(6) Selected Concentration
Heptachlor Epoxide 3/9 3.91 E-05 J OFF-12-pW < 11 Samples Max 3.91 E-05
Hexachlorobenzene 1 /9 5.03E-05 OFF-19-PW < 11 Samples Max 5.03E-05
Mirex 3/9 1.01 E-05 OFF-5-PW < 11 Samples Max 1.01 E-05
PCBs (ug/L)
PCB 101190 4/9 8.77E-05 OFF-12-PW < 11 Samples Max 8.77E-05
PCB 105 4/9 4.93E-05 J OFF-5-PW < 11 Samples Max 4.93E-05
PCB 118 9/9 4.52E-05 OFF-2-PW < 11 Samples Max 4.52E-05
PCB 126 5/9 4.21 E-05 J OFF-5-PW < 11 Samples Max 4.21 E-05
PCB 128 6/9 2.37E-05 OFF-13-PW < 11 Samples Max 2.37E-05
PCB 138/163/164 9/9 3.13E-04 J OFF-5-PW < 11 Samples Max 3.13E-04
PCB 153 9/9 6.30E-05 OFF-5-PW < 11 Samples Max 6.30E-05
PCB 170 4/9 1.28E-05 OFF-5-PW < 11 Samples Max 1.28E-05
PCB18 5/9 9.88E-04 OFF-5-PW < 11 Samples Max 9.88E-04
PCB 180 9/9 2.27E-05 OFF-5-PW < 11 Samples Max 2.27E-05
PCB 187/182/159 7/9 1.43E-05 OFF-5-PW < 11 Samples Max 1.43E-05
PCB 188 5/9 2.57E-05 OFF-5-PW < 11 Samples Max 2.57E-05
PCB 195 3/9 1.30E-05 OFF-5-PW < 11 Samples Max 1.30E-05
PCB 200 8/9 1.43E-05 OFF-5-PW < 11 Samples Max 1.43E-05
PCB 206 4/9 1.11E-06 OFF-13-PW < 11 Samples Max 1.11 E-06
PCB 209 6/9 8.00E-07 OFF-12-PW < 11 Samples Max 8.00E-07
PCB 28/50 8/9 4.80E-04 OFF-5-PW < 11 Samples Max 4.80E-04
PCB 44 7/9 3.12E-04 J OFF-5-PW < 11 Samples Max 3.12E-04
PCB 52 4/9 3.27E-04 J OFF-5-PW < 11 Samples Max 3.27E-04
PCB 66/95 7/9 3.13E-04 OFF-5-PW < 11 Samples Max 3.13E-04
PCB8 5/9 4.90E-03 J OFF-1-PW < 11 Samples Max 4.90E-03

PCB 87 6/9 5.36E-05 J OFF-2-PW < 11 Samples Max 5.36E-05
Sum of PCB Congeners 9/9 5.88E-03 OFF-1-PW < 11 Samples Max 5.88E-03
Sum of PCB Congeners X 2 9/9 1.18E-02 OFF-1-PW < 11 Samples Max 1.18E-02
Trans-Nonachlor 8/9 2.29E-05 OFF-5-PW < 11 Samples Max 2.29E-05
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Non-Toxic Amphipod Samples{3,4)
Frequency Location of Selected

of Maximum Maximum Data Statistic Pore Water

PARAMETER Detection Detection Detection Distribution Selected Concentration
Metals (ugIL) -
Aluminum 19/19 6.93E+01 OFF-9-PW Lognormal 95% UL-T 6.93E+01
Arsenic 20/20 5.50E+00 OFF-2-PW Lognormal 95% UL-T 4.78E+00

OFF-16-PW,
OFF-20-PW,

Cadmium 20/20 9.00E-01 OFF-4-PW Normal 95% UL-N 1.00E+00
Chromium 20/20 2.86E+01 OFF-1-PW Lognormal 95% UL-T 2.66E+01

OFF-11-PW,
Copper 20/20 3.10E+01 OFF-9-PW Lognormal 95% UL-T 3.23E+01
Iron 20/20 6.10E+02 OFF-1-PW Lognormal 95% UL-T 5.84E+02
Lead 20/20 2.14E+01 OFF-12-PW Normal 95% UL-N 2.07E+01
Nickel 18/20 3.10E+00 OFF-10-PW Normal 95% UL-N 2.77E+00

Silver 19/20 1.90E+00 OFF-13-PW Undefined 95% UL-T 4.90E+00
line 20/20 4.20E+02 OFF-6-PW Lognormal 95% UL-T 3.18E+02
SEM and AVS (umol/g)

SEM-AVS
PAHs (ug/L)

4.89E-01 J OFF-3-PW Undefined 95% UL-T 4.89E-01

PestIcIdes (ugIL)

1-Methylnaphthalene 20/20 9.17E-01 J OFF-6-PW Lognormal 95% UL-T 9.11 E-01
1-Methylphenanthrene 20/20 6.07E-01 OFF-3-PW Lognormal 95% UL-T 4.87E-01
2,6-Dimethylnaphthalene 20/20 2.75E-01 J OFF-2-PW Lognormal 95% UL-T 2.46E-01
2-Methylnaphthalene 20/20 1.24E+00 J OFF-3-PW Lognormal 95% UL-T 1.20E+00
Acenaphthene 20/20 5.77E+00 OFF-3-PW Lognormal 95% UL-T 3.52E+00
Acenaphthylene 20/20 4.92E+00 OFF-4-PW Undefined 95% UL-T 3.77E+00
Anthracene 20/20 5.46E+00 J OFF-3-PW Lognormal 95% UL-T 4.15E+00
Benzo(a)anthracene 20/20 1.58E+00 OFF-3-PW Undefined 95% UL-T 8.56E-01
Benzo(a)pyrene 20/20 3.78E-01 J OFF-3-PW Lognormal 95% UL-T 2.45E-01
Benzo(b,j, k)ftuoranthene 20/20 1.54E+00 J OFF-3-PW Undefined 95% UL-T 6.67E-01
Benzo(e)pyrene 20/20 5.75E-01 J OFF-3-PW Undefined 95% UL-T 2.67E-01
Benzo(g,h,i)Perylene 20/20 1.55E-01 J OFF-3-PW Undefined 95% UL-T 6.77E-02
Biphenyl 16/20 5.49E-01 OFF-3-PW Lognormal 95% UL-T 3.34E-01
Chrysene/triphenylene 20/20 1.26E+00 OFF-3-PW Undefined 95% UL-T 6.50E-01
Dibenzo(a,h)Anthracene 19/20 8.28E-02 J OFF-3-PW Lognormal 95% UL-T 3.35E-02
Fluoranthene 20/20 1.50E+01 OFF-3-PW Undefined 95% UL-T 8.40E+00
Fluorene 20/20 4.83E+00 J OFF-3-PW Lognormal 95% UL-T 2.96E+OO
Indeno(1,2,3-cd)pyrene 20/20 2.12E-01 J OFF-3-PW Undefined 95% UL-T 8.48E-02
Naphthalene 20/20 8.24E+00 OFF-3-PW Lognormal 95% UL-T 7.94E+00
Perylene 20/20 1.87E-01 J OFF-3-PW Undefined 95% UL-T 9.29E-02
Phenanthrene 20/20 4.00E+01 OFF-3-PW Lognormal 95% UL-T 2.32E+01
pyrene 20/20 1.13E+01 OFF-3-PW Undefined 95% UL-T 7.05E+00
Sum PAHs (6 High Molecular Weight) 20/20 2.96E+01 OFF-3-PW Undefined 95% UL-T 1.72E+01
Sum PAHs (7 Low Molecular Weight) 20/20 6.96E+01 OFF-3-PW Lognormal 95% UL-T 4.60E+01
Sum PAHs (NOAA Status &Trends) 20/20 9.92E+01 OFF-3-PW Lognormal 95% UL-T 6.30E+01..

2,4'-DDE 1/20 8.15E-06 OFF-12-PW Lognormal 95% UL-T 1.20E-05
2,4'-DDT 10/20 6.54E-05 OFF-4-PW Undefined 95% UL-T 3.28E-05
4,4'-DDD 17/20 5.00E-04 J OFF-17-PW Lognormal 95% UL-T 6.14E-04
4,4'-DDE 9/20 6.11 E-05 OFF-13-PW Undefined 95% UL-T 6.56E-05
4,4'-DDT 20/20 2.89E-04 OFF-4-PW Undefined 95% UL-T 1.83E-04
Aldrin 2/20 3.14E-06 J OFF-8-PW Lognormal 95% UL-T 1.88E-05
Alpha-Chlordane 15/20 5.43E-05 OFF-4-PW Lognormal 95% UL-T 4.28E-05
Gamma-BHC 6/20 7.99E-03 J OFF-6-PW Lognormal 95% UL-T 8.72E-03
Heptachlor 3/20 6.44E-06 J OFF-7-PW Undefined 95% UL-T 1.62E-05
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PCBs (ug/L)

Non-Toxic Amphipod Samples(3,4)
Frequency Location of Selected

of Maximum Maximum Data Statistic Pore Water
PARAMETER Detection Detection Detection Distribution Selected Concentration

Heptachlor Epoxide 5/20 1.04E-04 J OFF-11-PW Undefined 95% UL-T 3.82E-05 -
Hexachlorobenzene 1 120 5.03E-05 OFF-19-PW Lognormal 95% UL-T 4.94E-05
Mirex 5/20 5.62E-06 J OFF-15-PW Normal 95% UL-T 5.99E-06

PCB 101/90 7/20 1.72E-04 OFF-4-PW Lognormal 95% UL-T 1.25E-04
PCB 105 3/20 2.54E-05 J OFF-13-PW Lognormal 95% UL-T 2.56E-05
PCB 118 20/20 4.74E-05 OFF-3-PW Lognormal 95% UL-T 5.35E-05
PCB 126 12/20 3.18E-05 J OFF-4-PW Lognormal 95% UL-T 2.73E-05
PCB 128 14/20 5.52E-05 OFF-4-PW Lognormal 95% UL-T 3.71 E-05
PCB 138/163/164 20120 2.45E-04 OFF-4-PW Undefined 95% UL-T 1.80E-04
PCB 153 20/20 4.73E-05 OFF-11-PW Lognormal 95% UL-T 4.82E-05
PCB 170 8/20 1.43E-05 OFF-4-PW Undefined 95% UL-T 1.27E-05
PCB18 10/20 2.25E-03 OFF-11-PW Lognormal 95% UL-T 1.42E-03
PCB 180 20/20 1.69E-05 OFF-11-PW Undefined 95% UL-T 1.74E-05
PCB 187/182/159 17120 2.78E-05 OFF-4-PW Lognormal 95% UL-T 1.93E-05
PCB 188 13/20 2.85E-05 OFF-6-PW Lognormal 95% UL-T 1.74E-05
PCB 195 4/20 4.93E-06 OFF-4-PW Lognormal 95% UL-T 2.99E-06
PCB 200 18/20 1.43E-05 OFF-4-PW Lognormal 95% UL-T 9.56E-06
PCB 206 7/20 1.11E-06 OFF-13-PW Lognormal 95% UL-T 1.18E-06
PCB 209 11 120 2.07E-06 J OFF-6-PW Lognormal 95% UL-T 1.14E-06
PCB 28/50 13/20 1.79E-03 OFF-11-PW Undefined 95% UL-T 5.63E-04
PCB 44 17/20 6.68E-04 J OFF-11-PW Undefined 95% UL-T 4.18E-04
PCB 52 8/20 5.61 E-04 J OFF-11-PW Lognormal 95% UL-T 3.55E-04
PCB 66/95 18/20 4.75E-04 OFF-11-PW Lognormal 95% UL-T 2.87E-04
PCB 8 9/20 4.90E-03 J OFF-1-PW Undefined 95% UL-T 2.06E-03

OFF-3-PW, OFF
PCB 87 13/20 5.83E-05 J 6-PW Undefined 95% UL-T 7.22E-05
Sum of PCB Congeners 20/20 7.02E-03 OFF-11-PW Lognormal 95% UL-T 5.79E-03
Sum of PCB Congeners X 2 20/20 1.40E-02 OFF-11-PW Lognormal 95% UL-T 1.16E-02
Trans-Nonachlor 11 120 1.37E-05 J OFF-3-PW Lognormal 95% UL-T 1.03E-05

Footnotes:
1 - Samples were considered non-toxic for the sea urchin toxicity test (see Table 4)
2 - Samples were considered toxic for the sea urchin toxicity test (see Table 4)
3 - Samples were considered non-toxic for the amphipod toxicity test (see Table 4)
4 - The summary statistics for the toxic sediment samples are not presented because only one

sediment sample (OFF-5) was toxic
5 - The selected statistic is based on the data distribution.

- The Maximum (Max) value was selected when the 95% Upper Limit (UL) exceeded
the maximum detection

- The Log-normal 95% UL (95% UL-T) was selected when the data was lognormally distributed
- The Normal 95% UL (95% UL-N) was selected when the data was normally distributed

6 - There were not enough samples to accurately calculate a 95% UL
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PARAMETER
Metals (ug/L)

WQSV<'j

Sea Urchin Samples
Non-Toxic Toxic

Concentration(2) Concentration{3j NOECI4j

Amphipod Samples
Non-Toxic Toxic

Concentration(2) Concentration{3) NOEC(4)
Aquatic
NOECI5j

Aluminum
Arsenic
Cadmium
Chromium
Copper
Iron
Lead
Nickel
Silver
Zinc
SEM and AVS (umol/g)
SEM-AVS
PAHs (ug/L)
2-Methylnaphthalene
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b,j,k)ftuoranthene
Benzo(g,h,i)Perylene
Biphenyl
Chryseneftriphenylene
Dibenzo(a,h)Anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
Sum PAHs (6 High Molecular
Weight)

87 66 69
36 4 5.5
9.4 1 0.8
50 26 29
3.7

1000
8.5
8.3

0.92
86

0.21

0.88
710
0.46
0.29
0.065
0.042
0.14
0.02
14

0.10
0.0017

16
0.14

0.020
633
4.6
0.63

0.17

69 64
5 1.0
1 0.5

27 22
32 32

20

-22.2

1.2 1.20

3.8 3.8
4.2 4.2
0.86 0.86
0.24 0.24
0.67 0.67

0.068 0.068

0.65 0.65
0.033 0.033

16 16
3.0 3.0

0.085 0.085

23 23
7.0 7.0

17 17
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PARAMETER
Sum PAHs (7 Low Molecular
Weight)
Sum PAHs (NOAA Status
&Trends)
Pesticides (ug/L)

WQsvl'j

4.8

3.7

Sea Urchin Samples
Non-Toxic Toxic

Concentrationl2} Concentrationl3}

Amphipod Samples
Non-Toxic Toxic

Concentration(2) Concentration(3
) NOECI4j

46

63

Aquatic

NOECI5j

46

63

2,4'-DDE
2,4'-DDT
4,4'-000
4,4'-DDE
4,4'-DDT
Aldrin
Alpha-Chlordane
Gamma-BHC
Heptachlor
Heptachlor Epoxide
Hexachlorobenzene
Mirex
PCBs (ug/L)

1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.63E-01
4.00E-03
1.60E-01
3.60E-03
3.60E-03
3.57E-03
1.00E-03

O.OOE+OO
3.82E-05
5.11E-04
4.85E-05
2.03E-04
1.96E-05
4.95E-05
8.79E-03
2.08E-05
4.83E-05
O.OOE+OO
6.18E-06

8.15E-06
3.85E-05
4.96E-04
6.11 E-05
2.56E-04
2.81 E-06
5.71 E-05
7A9E-03
3AOE-06
3.91 E-05
5.03E-05
1.01 E-05

1.20E-05
3.28E-05
6.14E-04
6.56E-05
1.83E-04
1.88E-05
4.28E-05
8.72E-03
1.62E-05
3.82E-05
4.94E-05
5.99E-06

9.05E-06
3.85E-05
2.02E-04
3.39E-05
2.56E-04
1A3E-05
5.71 E-05
5.39E-03
1.02E-05
1.02E-05
4.05E-05
1.01E-05

Sum of PCB Congeners X 2 3.00E-02 1.22E-02 1.18E-02 1.16E-02
Notes:
WQSV - Water Quality Screening Value
NOEC - No Observed Effects Concentration
This table only includes constituents that have WQSVs
Footnotes:
1 - The sources of the Water Quality Screening Values (WQSVs) are presented in Table 1
2 - The cells in this column are shaded if the chemical concentrations exceed the WQSV
3 - The cells in this column are shaded if the chemical concentrations in the toxic samples exceed the

chemical concentrations in the non-toxic samples and the WQSV
4 - This column only lists chemicals if the concentration in the toxic sample exceeds the WQSV and

the chemical concentration in the toxic samples exceeds the chemical concentration in the non-toxic samples
The chemical concentration in this column is the higher of the WQSV or the non-toxic concentration

5 - The concentration in this column is the lower of the two NOEC values and is named the Aquatic NOEC

6.98E-03
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Bulk Chemistry Sediment Results
Sample Cadmium Copper Lead Nickel Silver Zinc TOC Normalized
Location (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) SEM-AVS TOC SEM-AVS(')

OFF-1 0.31 58 131 34 0046 J 156 1.23(1) 1.8 68
OFF-2 0.14 24 90 26 0.065 UJ 315 0.79(1) 1.1 72
OFF-3 0.18 12 60 22 0.065 UJ 50 U 0049 0.9 54
OFF-4 0.06 31 96 20 0.065 UJ 106 1.51(1) 0.9 168
OFF-5 0.23 17 139 19 0.065 UJ 40 U -22 1 -2222
OFF-6 0.15 11 47 19 0.065 UJ 53 U -25 1.8 -1387
OFF-7 0.29 33 294 28 0.18 J 156 -37 1.9 -1969
OFF-8 0.19 11 38 16 0.17 J 47 U -4.7 1.3 -360
OFF-9 0.11 6.9 25 18 0.065 UJ 40 U -3.6 1.2 -304

OFF-10 0.15 10 27 13 0.065 UJ 27 U -604 1.1 -581
OFF-11 0.22 9.1 39 5.5 U 0.17 J 28 U -12 1.1 -1104
OFF-12 0.53 37 114 21 0048 J 147 -23 2.5 -923
OFF-13 0.80 81 202 30 1.06 J 263 -47 4 -1168
OFF-14 0.12 19 45 16 0.23 J 48 U -804 2 -420
OFF-15 0.18 12 33 14 0.19 J 37 U -5.6 1.2 -466
OFF-16 0.36 24 61 18 0044 J 51 U -22 2.6 -849
OFF-17 0.38 26 71 19 004 J 126 -13 2.6 -490 -
OFF-18 0.69 84 190 28 1.08 J 248 -36 4 -904
OFF-19 0.21 30 56 24 0.18 J 166 -16 2.9 -546
OFF-20 0.25 19 41 21 0.19 J 109 -28 2.3 -1213
OFF-21 0.39 23 46 27 0.16 J 144 -12 2.3 -504
OFF-22 0.19 18 22 21 0.065 UJ 39 U -104 1.3 -110
OFF-23 0043 45 74 43 0.27 J 306 -31 2.7 -1142

Notes.
SEM - Simultaneous Extracted Metals
AVS - Acid Volatile Sulfide
TOC - Total Organic Carbon
1 - AVS was not detected in these samples
2 - This value is calculated using the follOWing equation: TOC Normalized SEM-AVS ~ (SEM-AVS)/(TOC/100)
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Aquatic Reference Stations Toxicity

PARAMETER NOEC(l) OFF-22 OFF-23 Effects Levell')
2-Methylnaphthalene 1.2 0.030 0.20 1.2
Acenaphthylene 3.8 0.035 0.30 3.8
Anthracene 4.2 0.025 0.43 4.2
Benzo(a)anthracene 0.86 0.0068 0.057 0.86
Benzo(a}pyrene 0.24 0.0029 0.028 0.24
Benzo(b,j,k}fiuoranthene 0.67 0.0049 0.046 0.67
Benzo(g,h,i)Perylene 0.068 0.0012 0.0067 0.068
Chrysene/triphenylene 0.65 0.005 0.05 0.65
Dibenzo(a,h)Anthracene 0.033 0.00025 0.0018 0.033
Fluoranthene 16 0.047 0.54 16
Fluorene 3.0 0.013 0.29 3.0
Indeno(1,2,3-cd)pyrene 0.085 0.00076 0.0055 0.085
Phenanthrene 23 0.061 0.96 23
pyrene 7.0 0.050 0.50 7.0
Sum PAHs (6 High Molecular
Weight) 17 0.11 1.2 17
Sum PAHs (7 Low Molecular
Weight) 46 0.31 3.4 46
Sum PAHs (NOAA Status
&Trends) 63 0.42 4.6 63
Notes.
NOEC - No Observed Effects Concentration
This table only includes constituents that were retained as Aquatic NOECs
Footnotes:
1 - The Aquatic NOEC was obtained from Table 6
2 - The TEV is the higher of the reference concentration or the Aquatic NOEC
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Sample Location OFF-1 OFF-2 OFF-3 OFF·4 OFF-S OFF-6 OFF-? OFF-S OFF-9 OFF-i0 OFF-11

Sample Depth Interval 0-15 em 0-15cm 0-15 em 0-15cm 0·15 em 0-15 em 0-15 em 0-15cm 0-15 em 0-15cm 0-15 em

Dale Sampled TE01) 3/27/98 3/27/98 3/27/98 3/27/98 3/27/98 3/27/98 3/27/98 417198 4f7198 4/3/98 4131gB

Po[yaromatlc Hydrocarbons

Dibenzo(a,h)AI1thracene Acenaphlhylene

2-Methylnaphlhalene

Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b,j,k)fluoranthene
Benzo(g,h,i)Perylene
Chrysene/triphenylene
Dibenzo(a,h)Anthracene
Fluoranthene
Fluorene
Indeno(1 ,2,3-cd)pyrene
Phenanthrene
pyrene
Sum PAHs (6 High Molecular Weight)
Sum PAHs (7 Low Molecular Weight)
Sum PAHs (NOAA status &Trends)

SUM TEVIlQ

MAX TEVIlQ

Limiting cae

12
38
4.2

0.86
0.24
0.67
0.068
0.65
0.033

16
30
0.08
23
70
17
46
63

1.50E-01 J
1.43E-01
1.15E·01 J
1.62E-02
1.33E-01
1.86E-01
1.86E·01 J
1.68E-01
1 94E-01 J
6.27E-02
5.50E-02 J
1.92E·01
8.55E-02
1.33E-01
1.23E·01
9.58E-02
1.03E-01

1.82E+OO
1.94E-01

7.34E-01 J
II

8.10E·01 J
9.53E-01
8.82E-01
8,45E-01
8.77E-01 J
8,15E-01
9.29E-01 J
4.39E-01
6.77E-01 J
9.56E·01
7.40E-01
8.25E-01
8.42E-01
8.03E·01
8.15E-01
1.17E+01
1.23E+OO

1.03E+OO J
1.08E+OO
1.31E+00 J
1.84E+00
1.54E+00 J
2.32E+00 J
2.28E+00 J
1.94E+00
2.47E+OO J
9.39E-01
1.63E+00 J
2 50E+00 J
1.73E+OO
1.60E+00
1.72E+00
1.51E+OO
1.57E+OO
2.42E+01
2.50E+OO

Indeno(1,2,3-cd)pyrene

4.40E-01 J .. ., I t15E-01 2.69E-02 2.93E-02 J t65E-01 J.. 1.41E+OO 3.00E-01 2,46E-01 3.94E-02 1.31E-02 1.03E-02 J 2.26E-02
6.97E-01 J 2.28E+OO J 5.27E-01 J 1.68E-01 4.37E-02 7.63E-03 7.22E-03 J 4.71E-02 J
7.38E-01 2.71E+OO 6.88E-01 1.78E-01 4.79E-02 1,39E-02 9.32E-03 4.45E-02
9.35E·01 1.95E+OO 4,45E-01 2.82E·01 6.75E-02 2.55E-02 1.65E·02 5.42E-02
4.69E-01 3.01E+OO 6.29E-01 1.81E-01 3.81E·02 1.53E-02 1.04E-02 3.11E·02
5.49E-01 J 2.29E+OO J 5.59E-01 J 2.06E-01 4,15E·02 1.68E-02 1.41E-02 J 3.31E·02 J
7.88E-01 2.80E+00 7.13E·01 1.05E-01 J 5.78E-02 1.90E·02 1.11E-02 4.08E-02
3.10E-01 J 2.70E+00 J 6.12E-01 J 1.22E-01 2.53E-02 4.49E-03 U 6.19E-03 J 1.72E-02 J
3,59E-01 1.11E+OO 3.60E-01 6.67E-02 2.03E-02 5.64E-03 4.54E·03 2.04E-02
4.83E-01 J 3.34E+OO J 5.35E-01 J 2.07E-01 6.56E·02 1.09E-02 J 6.26E-03 J 5.61E-02 J
4.57E-01 2.53E+OO 5.76E·01 1.74E-01 3.58E-02 1.37E-02 1.10E-02 2.69E-02
4.89E-01 2.12E+OO 7.63E-01 1.01E-01 2.91E-02 5.60E·03 4.13E-03 3.14E-02
7.19E-01 2.27E+OO 7.30E-01 1.50E-01 4.15E-02 1.14E-02 1.07E·02 4.12E-02
7.11E-01 2.24E+00 7.05E-01 1.41E-01 4.15E-02 1.17E-02 9.76E-03 4.05E-02
6.41E-01 2.27E+OO 6.73E-01 1.67E-01 5.61E-02 1.09E-02 9.38E-03 4.73E-02
6.61E-01 2.27E+00 6.83E-01 1.60E-01 5.22E-02 1.12E-02 9.50E-03 4.55E·02

8.73E+OO 3.40E+01 8.42E+OO 2.49E+OO 6.69E-01 1.90E·01 1.51E-01 6.32E-01
1.30E+00 3.43E+OO 9.82E-01 3.01E·01 1.15E-01 2.69E-02 2.93E·02 1.65E-01

Acenaphthy!ene 2-Melhyfnaphlhalene 2-Methylnaphlhalene 2·Melhylnaphlhalen NA NA NA NA



TABLE 3.9
LIMITING COCS CALCULATION

ECOLOGICAL PRG DEVELOPMENT STEP 7
OLD FIRE FIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT RHODE ISLAND
PAGE 2 OF 2

Sample Locatio~I OFF-12 OFF-13 OFF·14 OFF-iS OFF-i6 OFF-17 OFF-i8 OFF-i9 OFF-20 OFF-21

Sample Depth Inlerv~1 0-15cm 0-15cm 0-15cm 0-15 em 0-15 em 0-15cm 0-15 em 0-15 em 0-15 em 0-15 em

Date Sampled 4131gB 413/98 4f7198 4f7f98 4/3/98 4/3/98 4/3/98 4(1/98 413/98 413198

487E-01 J 1 71E-01 J
2.20E-02
1.69E·02 J

5,92E-02 J1.83E·01 J
1,78E-02

7.64E-02 J
3.87E-02
2,91E-02

1.13E-011.66E-01
9,75E·02

6.89E-02 J

4.37E-02

3.74E-02 J

7.88E·02 J
3.81E-02 J
2.74E-02 J

9.56E-02 J
2,74E-02

2.36E·02

8.23E-028.06E-02
3.48E-02

2..10E-02
1.08E-01 J
9.76E-02 J

Acenaphlhylene 6.45E-02
Anthracene 1.85E-01 J

';P~O~IY~'gCO~m~'t~,c~H~Y~d~'tOC='='=bo=n='====I~-MethYlnaPhthalene

Benzo(a)anlhracene 1.40E-01 8A5E-02 J 3.15E-02 2.57E·02 2.18E-02 J 2.81E-02 5.31E-02 3.17E·02 4.05E-02 1.91E-02
Benzo(a)pyrene 2.29E-01
Benzo(b,j,k)fluoranthene 1.32E-01
Benzo(g,h,i)Perylene 1.25E·01 J
Chrysene/triphenylene 1.53E-01

1.16E-01 J
7.32E-02 J
7.12E-02 J
7.42E·02 J

5.14E·02
2.75E-02
3.73E-02

3.64E-02

3.46E·02
3,68E·02

3.19E-02

2.79E-02

3,41E-02 J
2.02E-02 J
2.67E-Q2 J
2.23E·02 J

5.16E-02

3.03E-02

3.98E-02 J
2.99E-02 J

9.71E-02
6,90E·02

8.61E-02 J
6.05E-02

4,47E-02

2.57E-02

2.65E-02
3,66E·02

4,50E-02

3.08E-02

2.18E-02 J
4.93E-02

3.08E-02

1.96E-02
2,21E·02 J
2.52E·02

Dlbenzo(a,h)Anthracene 8.87E-02 J 4.22E·02 J 2,07E·02 2.90E·02 1.51E-02 J 2.32E·02 J 5,41E-02 J 1.57E-02 1.73E-02 J 1.39E-02 J
Fluoranthene 7,23E-02
Fluorene 2,66E-Q1 J

3.76E-02 J
7.56E-02 J

8,92E·03
2.11E-02

8.93E-Q3

1.56E-Q2
9.89E-03 J
3.22E-02 J

1.18E·02 J

2.92E-02 J
2.72E-02
4.60E·02 J

1.08E-02

4.35E-02

2.22E·02

9.89E-02 J
7.32E-03

1.21E-02 J
Indeno(1,2,3-cd)pyrene 1.06E·01
Phenanthrene 1.46E-01

5.53E-02 J
5,22E·02 J

2,94E·02

9,43E-03

3.31E-02

1.06E-02

2,05E·02 J
1.85E·02 J

3,12E-02

1.51E-02

6.72E-02

3.33E-02

2.30E·02
1.47E-02

2.23E-02
5.22E-02

1.88E·02

7.95E-03
pyrene 1.62E-01 8.50E-02 J 2.10E-02 2,65E-02 J 2.81E-02 J 6.08E-02 2,42E-02 4.39E·02 1.95E-02
Sum PAHs (6 High Molecular Weight) 1.50E-01
Sum PAHs (7 Low MolecUlar Weight) 2,20E·01

Sum PAHs (NOAA Status &Trends) 2,01E-01

7.88E-02
7.83E·02

7.86E-02

2, 15E-02

2,59E-02

2,47E·02

1.98E-02

2.44E-02

2.32E-02

2.26E-02
3.22E·02

2.96E·02

2.58E-02

3.19E·02
3.03E-02

5.68E-02
6, 13E-02

6.02E-02

2.37E-02
4.35E·02

3.82E·02

4,33E-02

7,47E-02

6.63E-02

1_72E·02

1.50E-02

1.56E-02
SUM TeVHQ 2,36E+OO

MAX TEVHQ 4.87E-01
Limiting cae 2·Me1hylnaphthalene

1.14E+OO

1.71E·01

2·Melhylnaph1halene

4.33E-01

8.06E·02

NA

4.08E·01

8.23E-02
NA

4.09E-01
9.56E-02

NA

4.78E-01
7.88E·02

NA

9.87E-01

1.66E·01

NA

4.78E-Q1
1.13E-Q1

NA

7.21E-01
1.83E-01

NA

2,95E·01

5.92E-02

NA
Notes:
1 - Source of TEV is presented in Table 8

2 - The SUM TEVHQ• does not include the Sum PAHs because they are already counted as individual PAHs

3 • Limiting COGs are the cells with the maximim TEVHO$ at each station (shaded cells)

The values in this table are calculated using the following equation: TEVHQ :::: lPWjlTEV
Where: TEVHO =Toxicity Effects Value Hazard Quotient

[PWj =Pore Water Concentration (ug/L) (from Table 3)

TEV =Toxiclty Effects Level {ug/L} (from Table 8)



TABLE 3.10
PRG CALCULATION

ECOLOGICAL PRG CALCULATION STEP 8
OLD FIRE FIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT RHODE ISLAND
PAGE 1 OF 2

Polyaromatrc Hydrocarbons (ug/kg)

Sample Location OFF-1 OFF-2 OFF-3 OFF-4 OFF-5 OFF-6 OFF-7 OFF-8 OFF-9 OFF-10 OFF-11 OFF-12

Sample Depth Interval 0-15 em 0-15 em O~15 em 0-15 em 0-15 em 0-15cm 0·15 ern 0-15 em 0-15 em 0-15 em 0-15cm 0-15 em
Date Sampled 3/27/98 3/27/98 3/27/98 3/27/98 3/27/98 3/27/98 3/27/98 4/7/98 4/7/98 4/3/98 4/3/98 4/3/98
Filtering SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT

2-Methylnaphthalene 1.73E+02 1.06E+02 8.65E+01 8.6SE+01 9.61E+01 1.73E+02 1.83E+02 1.25E+02 1.15E+02 1.06E+02 1.06E+OZ 2.40E+02
Acenaphthylene 6.51E+02 3.98E+D2 3.25E+02 3.25E+02 3.62E+D2 6.51E+02 6.87E+02 4.70E+02 4.34E+02 3.98E+02 3.98E+02 9.04E+D2
Dibenzo(a,h)Anthracene 2.27E+D3 1.39E+03 1.14E+03 1.14E+03 1.26E+03 2.27E+03 2.40E+03 1.64E+D3 1.51E+03 1.39E+03 1.39E+03 3.16E+03
Indeno(1,2,3-cd)pyrene 5.26E+03 3.21E+03 2.63E+03 2.63E+03 2.92E+03 5.26E+03 5.55E+03 3.80E+03 3.50E+03 3.21E+03 3.21E+03 7.30E+03



TABLE 3.10
PRG CALCULATION

ECOLOGICAL PRG CALCULATION STEP 8
OLD FIRE FIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT RHODE ISLAND
PAGE 2 OF 2

Sample Location OFF-13 OFF-14 OFF-15 OFF-16 OFF-17 OFF-18 OFF-19 OFF-20 OFF-21
Sample Depth Interval 0-15cm 0-15cm 0-15 em 0-15 em 0-15 em 0-15 em 0-15 em 0-15 em 0-15 em
Date Sampled 4/3/98 4/7/98 4/7/98 4/3/98 4/3/98 4/3/98 4/7/98 4/3/98 4/3/98 Average
Filtering SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT PRG(l}

Polyaromatic Hydrocarbons (ug/kg)
2-Methylnaphthalene 3.85E+02 1.92E+02 1.15E+02 2.50E+02 2.50E+02 3.85E+02 2.79E+02 2.21E+02 2.21E+02 185
Acenaphthylene 1.45E+03 7.23E+02 4.34E+02 9.40E+02 9.40E+02 1.45E+03 1.05E+03 8.32E+02 8.32E+02 697
Dibenzo{a,h)Anthracene 5.05E+03 2.52E+03 1.51E+03 3.28E+03 3.28E+03 5.05E+03 3.66E+03 2.90E+03 2.90E+03 2434
Indeno(1,2.3-cd)pyrene 1.17E+04 5.84E+03 3.50E+03 7.59E+03 7.59E+03 1.17E+04 8.47E+03 6.72E+03 6.72E+03 5633

Notes:
The values in this table are calculated using the following equation: PRG = [SDjfTEVHQ

Where; PRG =Preliminary Remediation Goal
[SD] = Sediment Concentration (ugfkg or mg/kg) (from Table 2)
TEVHQ =Toxicity Effects Level Hazard Quotient (unitless) (from Table 9)

1 ~ Average PRG is the arithmetic average of all the PRGs across each station



TABLE4.1A
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

LIFETIME RECREATIONAL EXPOSURE TO SEDIMENT
OLD FIREFIGHTING TRAINING AREA

NAVAL STATiON NEWPORT, NEWPORT, RHODE ISLAND

Sample Number

Sample Location

Date Sampled

Interval

QC Identifier

OFF~5E~SD-2025 OFF-5E~SD~5560 OFF-SD-411 ~0006 OFF-SD-412-0006 OFF-SD-413-0006

OFF-5E OFF~5E SD-411 SD-412 SD-413

412711998 4/27/1998 11113/2001 11113/2001 11/1312001

0.7-0.8 1.8~2.0 0.0-0.5 0.0-0.5 0.0-0.5
ec ea iOffi'l.tS'Erdl e

PRG None None None None None

Semivolatile Organic Analysis (UG/KG)

18.7 3.6 U

11 0.2 J

1338 829 8 U

134 3 U

1338 NA NA
134 115 J

302 1.5 J

4.3 0.50

2-Methylnaphthalene

Acenaphthylene

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(b)f1uoranthene

Dibenzo(a,h)anthracene

Indeno(1 ,2,3-cd)pyrene

Pesticide/PCB Analysis (UG/KG)

Sum of PCB Congeners

TAL Metal Analysis (MG/KG)

Arsenic

Cadmium

Chromium

Mercury

6.2·· 7.3 J

0.11

19.7

0.062

4.6 J

0.10

23.2

0.050 U

990 J 1200 470 J

66 UJ 120 58 UJ

200 J 400 86 J

NA NA NA

4.4 J 5.4 J 4.7 J

0.024 UJ 0.023 UJ 0.022 UJ

11.2 17.5 10.7

0.058 0.019 J 0.017 U

1 of 6

U- Not defected; UJ· Detection limit approximate; J. o.uantitation approximate;
... From dilution analysis; R- Rejected; NA· Not Analyzed

**. Arsenic PRG for human exposure to sediment is based on HHRA and Background Assessment



TABLE 4.1A
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

LIFETIME RECREATIONAL EXPOSURE TO SEDIMENT
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

Sample Number

Sample Location

Dale Sampled

Interval

QC Identifier

OFF~SD-414-0006 OFF-SD-417-0006 OFF-SD-424-0006 OFF-SD-426-0006 OFF-SD-432-0006

80-414 50-417 80-424 80·425 80-432

1119/2001 11/13/2001 11113/2001 1111312001 11/13/2001

0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5
ee ea lonal Sachman Ie a-oup:-oF -

PRG None None None None 80-432-0006

Semivolatile Organic Analysis (UGJKGj

55 U

120

NA

4.7 J

0.020 UJ

11.5

0.019 J

44 J

2.8 J

NA

18.6

106 J

0,056

58 U68 U

310 85

NA NA

5.2 J 5.8 J

1.5 J 0.13 J

12.1 26.1

0.066 0.035

6.7 J

0.87 J

21.3 J

0.Q18 U

6.2**

100 J

1500 J

1338

134

1338

134

1600 J

NA

TAL Metal Analysis (MG/KG)

Chromium

Cadmium

Dibenzo(a,h)anlhracene

Benzo(b)f1uoranlhene

Benzo(a)pyrene

Benzo(a)anthracene

2-Melhylnaphlhalene

Acenaphthylene

Sum of PCB Congeners

Indeno(1,2,a-cd)pyrene

Pesticide/PCB Analysis (UG/KG)

Arsenic

Mercury

2016

U· Not detected; UJ· Detection limit approximate; J. Quantitation approximate;
*. From dilution analysis; R· Rejected; NA· Not Analyzed

**. Arsenic PRG for human exposure to sediment is based on HHRA and Background Assessment



TABLE4.1A
CONTAMINANTS IN EXcEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

LIFETIME RECREATIONAL EXPOSURE TO SEDIMENT
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

Sample Number

Sample Location

Date Sampled

Interval

QC Identifier

Semivolatile Organic Analysis (UG/KG)

OFF-SD-432-0006-D OFF-SD-432-1824 OFF-SD-439-0006 OFF-SD-439-0006-D OFF-SD-439-0612

SD-432 SD-432 SD-439 SD-439 SD-439

11/13f2001 11/13/2001 10/29/2001 10/29/2001 10/29/2001

0.0-0.5 1.5-2.0 0.0-0.5 0.0-0.5 0.5-1.0
ecrea IOna e Imen , a-Dup:"OF ,e p. Ff'S - ,e p. Ff'S -

PRG 432-0006 None 439-0006 439-0006 None

3 of 6

2-Methylnaphthalene

Acenaphthylene

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(b)f1uoranthene

Dibenzo(a.h)anthracene

Indeno(1.2.3~cd)pyrene

Pesticide/PCB Analysis (UG/KG)

Sum of PCB Congeners

TAL Metal Analysis (MG/KG)

Arsenic

Cadmium

Chromium

Mercury

58 U 60 J 370 U

100 760 370 U

1338

134

1338

134

140 810 240 J

NA NA NA

6.2** 6.1 J 4.6 J 2.4

2.2 J 2.3 J 0.60 J

12.7 12.1 9.5 J

0.019 U 0.019 J 0.016 U

U. Nil! detected; UJ· Detection limit approximate; J- Quantitatilln apprllximate;
•. From dilution analysis; R-Rejected; NA· Not Analyzed

*•. Arsenic PRG for human exposure to sediment is based on HHRA and Backgrnund Assessment

370 U

200 J

NA

1.5

1.4 J

21.3 J

0.032 J

47 J

NA

14.9

1.2 J

17.5 J

0.061



TABLE4.1A
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATiON GOALS (PRGs) FOR MARINE SEDIMENT

LIFETIME RECREATIONAL EXPOSURE TO SEDIMENT
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT. NEWPORT. RHODE ISLAND

Sample Number

Sample Location

Date Sampled

Interval

QC Identifier

OFF-SO-439-1824 OFF-SD-442-0006 OFF-SO-442-1824 OFF-SD-445-0006 OFF-SO-445-1824

$0·439 50-442 50·442 50-445 $0-445

11/1312001 11/9/2001 11/13/2001 11/13/2001 11/13/2001

1.5-2.0 0.0-0.5 1.5-2.0 0.0-0.5 1.5-2.0
ee ea IOnat 8eolme

PRG None None None None None

Semivolatile Organic Analysis (UG/KG)

72 J 9.1 J

46 J67 U

160 J

NA NA

2.6 J

0.82 J 2.1 J

6.2 J 30.3

0.058 0.18

NA

61 U

0.63 J

18.7

0.035

NA

58 J

0.62 J

10.2

0.020 J

44 J

41 J

1338

134

1338

134

150 J

NA

6.2- 6.1 J

2.2 J

20.1

0,068

2-Melhytnaphlhalene

Cadmium

Chromium

TAL Metal Analysis (MG/KG)

Benzo(b)f1uoranthene

Benzo(a)pyrene

Benzo(a)anthracene

Indeno(1,2,3-cd)pyrene

Dibenzo(a,h)anlhracene

Arsenic

Acenaphthylene

PesticideJPCB Analysis (UG/KG)

Sum of PCB Congeners

Mercury

4of 6

U· Not detected; UJ· Detection limit approximate; J. Quantitation approximate;
*. From dilution analysis; R· Rejected; NA - Not Analyzed

**. Arsenic PRG for human exposure to sediment is based on HHRA and Background Assessment



5 of 6

TABLE 4.1A
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

LIFETIME RECREATIONAL EXPOSURE TO SEDIMENT
OLD FIREFIGHTING TRAINING AREA

NAVAL STATiON NEWPORT, NEWPORT, RHODE ISLAND

Sample Number OFF-SSD-333-00005 OFF-SSD-333·0000S-MAX OFF-SSD-334-00005 OFF-SSD-335-00005 OFF-SSD-336-00005

Sample Location OFF-SSD-333 OFF-SSD-333 OFF-SSD-334 OFF-SSD-335 OFF-SSD-336

Date Sampled 11/19/1998 11/19/1998 11/19/1998 11/19/1998 11/19/1998

Interval 0.0-0.5 0,0-0.5 0.0-0.5 0.0-0.5 0.0-0.5
eerea IOna e Imen le,u ....up. . ~~. I Ie FI"SS - -

QC Identifier PRG 333·00005 00005 None None None

Semivolatile Organic Analysis (UG/KG)

2-Methylnaphthalene 1800 U 1800 U 2300 U 2100 U 4000 U

Acenaphlhylene

~
Benzo(a)anlhracene 1338 850 J 1100 • I' :;'If 620 J

Benzo(a)pyrene 134 I • f • II I f I

Benzo(b)f1uoranthene 1338 940 J I' J

Dibenzo(a,h)anlhracene 134 ·.u
Indena(1,2,3-cd)pyrene 430 J 550 1000 J 950 J 4000 U

Pesticide/PCB Analysis (UG/KG)

Sum of PCB Congeners NA NA NA NA NA

TAL Metal Analysis (MG/KG) -
Arsenic 6.2-- 3.1 J 4.3 5.3 J 4.2 J 4.8

Cadmium 0.080 U O.OBO U 0.10 U 0.10 U 0.090 UJ

Chromium 12.3 13.0 13.3 11.8 10.9

Mercury 0.050 U 0.050 U 0.060 U 0.060 U 0.060 U

U· Not detected; UJ· Detection limit approximate; J. Ouantitation approximate;
•. From dilution analysis; R· Rejected; NA - Not Analyzed

•• - Arsenic PRG for human exposure to sediment is based on HHRA and Background Assessment
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TABLE4.1A
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

LIFETIME RECREATIONAL EXPOSURE TO SEDIMENT
OLD FIREFIGHTING TRAINING AREA

NAVAL STATiON NEWPORT, NEWPORT, RHODE ISLAND

Sample Number OFF~SSD-337-00005

Sample Location OFF~SSD-337

Dale Sampled 11/19/1998

Interval 0.0-0.5
ReCreatIonal Secllmen

QC Identifier PRG None

Semivolatfle Organic Analysis (UG/KG)

2-Methylnaphlhalene 4000 U

Acenaphthylene 4000 U

Benzo(a)anlhracene 1338 IJ
Benzo(a)pyrene 134 IJ

Benzo(b)f1uoranlhene 1338 IJ
Dibenzo(a,h)anlhracene 13' IJ
Indeno(1 ,2 ,3-cd)pyrene 4000 U

Pesticide/PCB Analysis (UG/KG)

Sum of PCB Congeners NA

TAL Metal Analysis (MG/KG)

Arsenic 6.2"

Cadmium 0.090 UJ

Chromium 15.8

Mercury 0.050 U

U· Not detected; UJ . Detection limit approximate; J- Quantitation approximate;
*. From dilution analysis; R-Rejected; NA -Not Analyzed

**. Arsenil: PRG for human exposure to sediment is based on HHRA and Background Assessment



TABLE4.1B
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

LIFETIME RECREATIONAL INGESTION OF LOBSTER
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT. NEWPORT. RHODE ISLAND

lurr-.-ou- lurr-L-OU- ur '-,-ou- Urr-'-SLJ- ur '-o-ou- ur '-o-ou- Urr-'-SLJ- lurr-o-ou'
Sample Number 0015 0015 0015 0015 0015 2025 5560 0015

Sample Location OFF-1 OFF-2 OFF·3 OFF·4 OFF-5 OFF-5 OFF-5 OFF-6

Dale Sampled 3/27/1998 3f27/1998 3/27/1998 3/27/1998 3/27/1998 4/27/1998 4/27/1998 3/27/1998

Interval 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.7-0.8 1.8-2.0 0,0-0.5
l..OuS e

I
Ingestion

QC Identifier PRG None None None None None None None None

l~emlVo alile urganlc AnalySIS
lUG/KG)

2-Methylnaphlhalene 26 J 77.6 J 89.2 J 38.1 J 330 J 42.5 3.6 U 170 J

Acenaphthylene 93 488 350 424 509 144 4.6 U 195

Benzo(a)anlhracene 34270 100 3600 5690 2280 9300 882 8 U 4250

Benzo(a)pyrene 9360 595 2410 3460 J 2090 4830 973 3 U 1990

Benzo(b)fluoranthene 51269 NA NA NA NA NA NA NA NA
Dibenzo(a,h)anlhracene 6742 441 J 1290 J 2810 J 352 J 3410 J 345 2.8 LJ 1390 J

Indeno(1,2,3-cd)pyrene 72519 1010 3070 6560 J 1200 7390 524 1.2 J 3030

eSIICIOeWL,;t:i AnalySIs

lUG/KG)

Sum of PCB Congeners 175 18.9 22.9 29.8 36.1 51.6 37 3.0 - 38.2

TAL Metal Analysis (MG/KG) II 1_
Arsenic 5.4~ 3.6 J 4.3 J 3.6 J 4.9 J 5.3 J 4.1 J

Cadmium 10 0.31 0.14 0.18 0.060 0.23 0.55 1.29 0.15

Chromium 3708 31.1 36.6 26.5 24.3 27.4 17.6 29.5 23.0

Mercury 2.3 0.371 0.081 I 0.050 U 0.050 LJ 0.050 U 0.071 0.050 LJ 0.050 U

1 of 15

U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;
* - From dilution analysis; R - Rejected; NA - Not Analyzed



TABLE 4.1B
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDiATION GOALS (PRGs) FOR MARINE SEDiMENT

LIFETIME RECREATIONAL INGESTION OF LOBSTER
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

IUC '-o-,u- uc-o-ou- ucc",",u- uc -o-,u- uc --,-,u- IUCC- ,u-,u- uc -,u-,u- IUCC- ,u-,u-
Sample Number 2025 3540 0015 0015 0015 0015 1520 2530

Sample Location OFF-6 OFF-6 OFF-7 OFF·8 OFF-9 OFF·10 OFF-10 OFF·10

Date Sampled 4/27/1998 4/27/1998 3/27/1998 41711998 4/7/1998 4/3/1998 4/7/1998 4/7/1998

Interval 0.7-0.8 1.1-1.3 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.5-0.7 0.8-1.0
l..OIJS af

Ingestion
QC Identifier PRG None None None None None None None None

I;:)emlvo aUie urgamc A.nalysls
(UG/KG)

2-Methylnaphlhalene 280 9.6 54.9 14.4 3.1 J 3.1 J 3 J 2.6 J

Acenaphlhylene 95.8 3.1 J 169 18.5 5.7 4.1 J 3 J 2.1 J

Benzo(a)anthracene 34270 988 118 1160 214 57.3 35.2 23.4 15.5

Benzo(a)pyrene 9360 1750 116 1330 218 76.1 45.1 31.3 19.8

Benzo(b)fluoranlhene 51269 NA NA NA NA NA NA NA NA
Dibenzo(a,h)anthracene 6742 357 22.3 293 41.5 13.6 U 8.6 J 6.6 4.8

Indeno(1,2,3-cd)pyrene 72519 1140 72.2 968 136 48.1 35.3 26.9 14.8

estlcICleJl-'L:t:S AnalysIs

(UG/KG)

Sum of PCB Congeners 175 106.9 2.7 30.5 10.6 4.7 5.5 2.8 0040

TAL Metal Analysis (MG/KG) I I I
Arsenic 5048 3.7 J . , 4.3 J 4.3 J 3.4 J 2.9 J 3.3 J

Cadmium 10 0.68 0.14 0.29 0.19 0.11 0.15 0.18 0.070

Chromium 3708 35.3 29.7 43.1 42.3 38.6 32.1 30.1 39.2

Mercury 2.3 0.176 0.050 U 0.119 0.148 0.050 U 0.070 0.070 0.073

2 of 15

U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;
* - From dilution analysis; R ~ Rejected; NA - Not Analyzed



TABLE4.1B
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

LIFETIME RECREATIONAL INGESTION OF LOBSTER
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT. RHODE ISLAND

UC -, ,-ou- uc -, ,-ou- IUCC- ,-ou- uc - 'NU- IUCC- ,o-ou- IUC -,.-ou- IUCC- ,o-ou- uc -,o-ou-
Sample Number 0015 5055 105110 0015 0015 0015 0015 0015

Sample Location OFF~11 OFFM 11 OFF-11 OFF-12 OFF-13 OFF-14 OFF-iS OFF-i6

Date Sampled 4/3/1998 4/7/1998 4/7/1998 4/3/1998 4/3/1998 4/7/1998 4/7/1998 4/3/1998

Interval 0.0-0.5 1.6-1.8 3.4-3.6 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5
L.olJsler

Ingestion
QC Identifier PRG None None None None None None None None

I;:)emlvo alile urgamc J-I.nalysls
lUG/KG)

2-Methylnaphlhalene 17.5 J 3.6 U 3.6 U 117 J 65.6 J 15.5 9.5 23.9 J

Acenaphthylene 9 1.1 J 4.6 U 58.3 156 J 25.2 11.9 35.8 J

Benzo(a)anthracene 34270 168 44.7 8 U 1200 1160 J 216 106 195 J

Benzo(a)pyrene 9360 148 37.5 3 U 1420 1150 J 255 103 220 J

Benzo(b)f1uoranthene 51269 NA NA NA NA NA NA NA NA
Dibenzo(a,h)anlhracene 6742 23.9 J 4.8 0.8 J 280 J 213 J 52.2 44 49.6 J
Indena(1 ,2,a-cd)pyrene 72519 86,3 23.1 1.5 J 777 646 J 172 116 156 J

eStICloe/t'l"t:i AnalysIs
(UG/KG)

Sum of PCB Congeners 175 44.2 2.0 0.70 65.1 95.5 24,8 'L3 22.7

TAL Metal Analysis (MG/KG) 1 1 1
Arsenic 5.48 2.7 J 5.0 J 4.7 J 5.2

~
3.7 J 5.0 J

Cadmium 10 0.22 0.27 0.20 0.53 0.80 0.12 0.18 0.36

Chromium 3708 30.2 32.1 231.7 58.6 73.7 44.9 41.0 4B.0

Mercury 2.3 0.125 0.050 U 0.051 0.376 1.355 0.1961 0.10 0.20B

3 of 15
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

* - From dilution analysis; R - Rejected; NA - Not Analyzed



TABLE 4.1B
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

LIFETIME RECREATIONAL INGESTION OF LOBSTER
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

63 J 56 J 64 J 58 J

0015 5055 105110 0015

OFF-iS OFF-18 OFF-i8 OFF-i9

4/3/1998 4/7/1998 4/7/1998 4/7/1998

0.0-0.5 1.6-1.8 3.4-3.6 0.0-0.5

None None None None

63.8 J 210 91.1 31.5

141 210 80.2 40.6

730 787 1260 316

964 931 1170 322

NA NA NA NA

273 J 248 204 57,4

785 821 619 195

62.9 46.8 12 28.4

Sample Number 0015

Sample location OFF-17

Date Sampled 413/1998

Interval 0.0-0.5
o 5 er

Ingestion
QC Identifier PRG None

emlvoa Ie rgame na YSIS

lUG/KG)

2-Methylnaphlhalene 19.7 J

Acenaphlhylene 41.1

Benzo(a)anlhracene 34270 251

Benzo(a)pyrene 9360 333

Benzo(b)f1uoranthene 51269 NA

Dibenzo(a,h)anlhracene 6742 76.1 J

Indeno(1,2,a-cd)pyrene 72519 237
es leI e na YSIS

lUG/KG)

Sum of PCB Congeners 175 16.6

TAL Metal Analysis (MG/KG)

Arsenic 5,48 4.7 J

Cadmium 10 0.38

Chromium 3708 44.1

Mercury 2.3 0.225

0.69

73.6

0.562

1.12

79.7

0.97

0.50

76.4

1.901

0.21

55.6

0.299

0015 0015 0015

OFFR 20 OFF-21 OFF·22

413/1998 413/1998 3127/1998

0.0-0.5 0.0-0.5 0.0-0.5

None None None

40.4 J 13.1 J 3.1 J

14.8 18.3 4.4 J

320 151 35.6

257 176 38.8

NA NA NA

50,3 J 40.4 J 12.2 J

150 126 33.9

18.9 15.6 2.81

4.2 J 4.9 J 3.8 J

0.25 0.39 0.19

52.5 52.9 47.8

0.171 0.112 0.111

4 of 15
U - Not detected; UJ - Detection limit approximate; J R Quantitation approximate;

* R From dilution analysis; R R Rejected; NA - Not Analyzed



TABLE4.1B
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATiON GOALS (PRGs) FOR MARINE SEDIMENT

LIFETIME RECREATIONAL INGESTION OF LOBSTER
OLD FIREFIGHTING TRAINING AREA

NAVAL STATiON NEWPORT, NEWPORT, RHODE ISLAND

lue '-40-0U- ue ·~u-.uo- luee~u-.u,- ·ue-OU-QUO- ue '-OU-QUO-UUU' ue '-OU-QU'- luee-ow-Qu,-
Sample Number 0015 0006 0006 0006 0 0006 0006·0

Sample Location OFF-23 SO-406 50-407 SO-408 SO-408 SO-409 SO·409

Date Sampled 4/3/1998 11112/2001 11/12/2001 11f14/2001 11/14/2001 11/14/2001 11/14/2001

Interval 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5
,-OuS er

Ingestion Field Dup. OFF- Field Dup. OFF- Field Oup. OFF Field Dup. OFF-
QC Identifier PRG None None None SO-408-0006 SO-408-0006 SO-409-0006 SO-409-0006

!~emIVO a I e urgamc HnalYSls
lUG/KG)

2-Melhylnaphthalene 43.4 64 U 66 U 60 U 64 UJ 61 U 77 UJ

Acenaphthylene 77.5 64 U 66 U 60 U 64 UJ 61 U 77 UJ

Benzo(a)anthracene 34270 616 64 U 66 U 85 110 J 58 J 110 J

Benzo(a)pyrene 9360 758 64 U 66 U 90 130 J 69 120 J

Benzo(b)f1uoranthene 51269 NA 64 U 66 U 120 170 J 78 160 J

Dibenzo(a,h)anthracene 6742 179 64 U 66 U 60 U 64 UJ 61 U 77 UJ

Indeno(1,2,3-cd)pyrene 72519 511 64 U 66 U 74 100 J 61 U 77 UJ

eS!IClae/t""l,,;t:i Ana YSls
lUG/KG)

Sum of PCB Congeners 175 44.6 NA NA NA NA NA - NA

TAL Metal Analysis (MGJKG) I
Arsenic 5.48 4.8 J 2.4 2.1 3.1 J 3.0 J .. 4.9 J

Cadmium 10 0.43 0.025 U 0.022 U 0.021 U 0.025 U 0.022 U 0.031 U

Chromium 3708 53.2 10.8 11.4 11.3 13.6 11.2 15.4

Mercury 2.3 0.387 0.032 J 0.038 J 0.029 J 0.035 'J 0.030 J 0.073

5 of 15
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

* ~ From dilution analysis; R - Rejected; NA - Not Analyzed



TABLE4.1B
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

LIFETIME RECREATIONAL INGESTION OF LOBSTER
OLD FIREFIGHTING TRAINING AREA

NAVAL STATiON NEWPORT, NEWPORT, RHODE ISLAND

1°""-ow'''u- Ivrr-ow- 00- vr ·-ow·" o· IUrr-'U-.,0- Urr-'U·,,9· '-ow-"9- IUrr-W-4ZU-
Sample Number 0006 0006 0006 0006 0006 0006-0 0006

Sample Location SO-410 SO-415 SO-416 SO-418 SO-419 SO-419 SO-420

Date Sampled 11/14/2001 11/1212001 11114/2001 11/812001 111812001 11/8/2001 11/8f2001

Interval 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0,0-0.5 0.0-0.5
,-o15s er

Ingestion Field Oup. OFF Field Oup. OFF·
QC Identifier PRG None None None None SO·419·0006 SO-419-0006 None

emlVOla~lle vrgamc Mna YSls
(UG/KG)

2-Melhylnaphlhalene 470 62 U 61 U 120 U 130 U 140 U 280 U

Acenaphthylene 400 24 J 280 120 U 91 J 130 J 120 J

Benzo(a)anlhracene 34270 9200 120 J 1200 180 580 530 860

Benzo(a)pyrene 9360 ." 140 J 1400 160 470 540 850

Benzo(b)f1uoranthene 51269 12000 160 1600 180 600 700 1000

Dibenzo(a,h)anthracene 6742 1500 62 U 220 120 U 130 U 140 U 280 U

Indeno(1,2,3-cd)pyrene 72519 5200 91 860 80 J 200 200 JI 310 J

esuclceJt'l"O AnalysIs
(UG/KG)

Sum of PCB Congeners 175 NA NA NA NA NA NAI - NA

TAL Metal Analysis (MG/KG)

Arsenic 5.48 4.4 J 2.2 3.3 J 3.2 J 2.7 J 2.9 J 3.4 J

Cadmium 10 0.025 U 0.023 U 0.021 U 0.47 J 0.44 J 0.45 J 0.52 J

Chromium 3708 17.5 10.6 10.8 11.3 11.8 12.4 14.6

Mercury 2.3 0.060 0.049 0.0371 J 0.053 0.057 0.0611 0.085

6 of 15
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

* - From dilution analysis; R - Rejected; NA - Not Analyzed



TABLE 4.1B
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATiON GOALS (PRGs) FOR MARINE SEDIMENT

LIFETIME RECREATIONAL INGESTION OF LOBSTER
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT. NEWPORT. RHODE ISLAND

IUrr-'U-4<1- Urr-'U-4«- Urr-'U-4<,j- Urr-'U-4""- IUrr-'U-4U- ,Urr-'U-4U- Urr-'U-4U-
Sample Number 0006 0006 0006 0006 1824 1824-0 0006

Sample Location 80-421 80·422 80-423 80-426 8D-427 8D-427 80·427

Dale Sampled 11/8/2001 11/8/2001 11/8/2001 11/14/2001 11/12/2001 11/12/2001 11/12/2001

Interval 0.0-0.5 0,0-0.5 0.0-0.5 0.0-0.5 1.5-2.0 1.5-2.0 0.0-0.5
o seT

Ingestion Field Dup. OFF- Field Dup. OFF~
QC Identifier PRG None None None None 80-427-1824 80-427-1824 None

l~emlVOlatlle urgamc AnalySIS
lUG/KG}

2-Melhylnaphthalene 260 U 290 U 380 U 63 U 60 U 58 U 82 U

Acenaphthylene 260 U 210 J 380 U 63 U 60 U 58 U 82 U

Benzo(a)anthracene 34270 320 1300 1600 63 U 60 U 58 U 82 U

Benzo(a)pyrene 9360 340 1000 1600 63 U 60 U 58 U 82 U

Benzo{b)f1uoranthene 51269 420 1200 2100 63 U 60 U 58 U 82 U

Dibenzo(a,h)anthracene 6742 260 U 290 U 380 U 63 U 60 U 58 U 82 U

lndeno(1,2,3-cd)pyrene 72519 150 J 500 560 J 63 U 60 U 58 U 82 U

es IClaell"I,;c I-InalYSIS

lUG/KG}

Sum of PCB Congeners 175 NA NA NA NA NA INA - NA

TAL Metal Analysis (MGJKG) I
Arsenic 5.48 2.6 J 3.5 J 2.8 J 2.4 J 2.0 2.6

Cadmium 10 0.42 J 0.57 J 1.1 J 0.024 UJ 0.022 U 0.021 U 0.029 U

Chromium 3708 12.7 15.9 27.5 10.2 13.5 13.7 14.0

Mercury 2.3 0.078 0.096 0.23 0.025 J 0.026 J 0.027 0.041 J

7 of 15

U - Not detected; UJ - Detection limit apprOXimate; J - Quantitation apprOXimate;
* - From dilution analysis; R - Rejected; NA - Not Analyzed



TABLE 4.1B
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATiON GOALS (PRGs) FOR MARINE SEDIMENT

LIFETIME RECREATIONAL INGESTION OF LOBSTER
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

UC '-OU-'40- UC ""U-'40- ,UC-OU-'4'- UC ·-ou-.ou- IUCC-OU-'ou- ucc-ou-.o - IUcc-ou-,o,-
Sample Number OD06 1824 0006 0006 1824 0006 1824

Sample Location 50·428 80-428 8D-429 50·430 50-430 5D-431 50-431

Date Sampled 11114/2001 11/14/2001 11/12/2001 11/12/2001 11/12/2001 11/12/2001 11/12/2001

Interval 0.0-0.5 1.5-2.0 0.0-0.5 0.0-0.5 1.5-2.0 0.0-0.5 1.5-2.0
L.ol5s,e

Ingestion
QC Identifier PRG None None None None None None None

l.::lemlVO alliS urganlc I-malyslS

(UG/KG)

2-Melhylnaphthalene 73 U 60 U 65 U 53 U 51 U 52 U 58 U

AcenaphthyJene 64 J 47 J 65 U 63 U 61 U 62 U 58 U

Benzo(a)anthracene 34270 580 370 65 U 63 U 61 U 62 U 58 U

Benzo(a)pyrene 9360 530 J 320 J 65 U 63 U 61 U 62 U 58 U

Benzo(b)f1uoranlhene 51269 740 J 420 J 65 U 63 U 61 U 62 U 58 U

Dibenzo(a,h)anthracene 6742 73 UJ 60 UJ 65 U 63 U 61 U 62 U 58 U

Indeno(1,2,3-cd)pyrene 72519 200 J 120 J 65 U 63 U 61 U 62 U 58 U

eStlCIOeJt'lI!:' AnalySIS

(UG/KG)

Sum of PCB Congeners 175 NA NA NA NA NA NA - NA

TAL Metal Analysis (MGfKG)

Arsenic 5.48 4.5 J 3.1 J 4.7 J 2.6 J 4.5 J 1.4 J 3.2 J

Cadmium 10 0.030 UJ 0.023 UJ 0.024 U 0.026 U 0.022 U 0.024 U 0.023 U

Chromium 3708 15.6 11.8 17.6 11.6 14.8 12.3 14.8

Mercury 2.3 0.059 0.096 0.070 0.061 0.032 J 0.040 J 0.033 J

8 of 15
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

* - From dilution analysis; R - Rejected; NA - Not Analyzed



TABLE4.1B
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

LIFETIME RECREATIONAL INGESTION OF LOBSTER
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

luee-,u-.;;- ,uee-,u·.,,- luee-,u-.,.- luee-w-q,.-uuuo- luee-,u-.,.- uee-,u-.>o- I,:,.'.e-,u-.,o-
Sample Number 0006 1824 0006 0 1824 0006 1824

Sample Location 80·433 80-433 80-434 80-434 50-434 80-435 80·435

Date Sampled 11112/2001 11/12/2001 11114/2001 11/14/2001 11/1412001 11/12/2001 11/12/2001

Interval 0.0-0.5 1.5-2.0 0,0-0.5 0.0-0.5 1.5-2.0 0.0-0.5 1.5-2.0
to15sler

Ingestion Field Oup. OFF- Field Oup. OFF-
QC Identifier PRG None None 80-434-0006 80-434-0006 None None None

emlVOlatlle urgamc Ana YSls
lUG/KG)

Z-Melhylnaphthalene 68 U 61 U 65 U 67 U 62 U 72 U 60 U

Acenaphlhylene 68 U 61 U 93 51 J 94 72 U 60 U

Benzo(a)anlhracene 34270 68 U 61 U 400 330 540 72 U 60 U

Benzo(a)pyrene 9360 68 U 61 U 340 J 280 J 460 32 J 60 U

Benzo(b)fluoranthene 51269 37 J 61 U 440 J 360 J 570 48 J 60 U

Dibenzo(a,h)anlhracene 6742 68 U 61 U 65 UJ 67 UJ 60 J 72 U 60 U
Indena(1,2,3-cd)pyrene 72519 68 U 61 U 120 J 94 J 190 27 J 60 U

eStiClaeH"Cts AnalysIs

(UG/KG)

Sum of PCB Congeners 175 NA NA NA NA NA NA - NA

TAL Metal Analysis (MG/KG)

Arsenic 5.48 2.2 J 5.4 J 3.6 J 3.4 J 3.3 J 2.5 J 2.3 J

Cadmium 10 0.025 U 0.022 U 0.026 UJ 0.026 UJ 0.023 UJ 0.027 U 0.020 U

Chromium 3708 11.9 12.2 11.8 12.1 11.1 14.1 11.1
Mercury 2.3 0.053 0.019 U 0.030 J 0.036 J 0.033 J 0.050 0.018 U

90f15
U R Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

* - From dilution analysis; R - Rejected; NA R Not Analyzed



TABLE 4.1B
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATiON GOALS (PRGs) FOR MARINE SEDIMENT

LIFETIME RECREATIONAL INGESTION OF LOBSTER
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

Benzo(a)anlhracene

2-Methylnaphlhalene

Benzo(b)f1uoranthene

1824 0006 1824

80-437 80-438 80-438

11/8/2001 11/8/2001 1118/2001

1.5-2.0 0.0-0.5 1.5-2.0

None None None

140 U 120 U 130 U 120 U

140 U 120 U 150 120 U

140 120 U 770 120 U

130 J 120 U 740 120 U

160 120 U 880 120 U

140 U 120 U 130 U 120 U

62 J 120 U 280 J 120 U

NA NA NA NA

3.4 J 2.3 J 4.1 J 1.9 J

DAD J 0.34 J 0.43 J 0.27 J

11.6 9.4 11.7 11.4

0.057 0.019 U 0.0451 0.019 U

26 J

280

680

NA

160

14.9

1100

1200

1300

0.047

0.024 U

65 U

210

1200

1000

1300

170

610

NA

3.9

0,025 U

10.8

0.027

210

980

6.0 J

64 U

NA

540

850

140

11.8

1000

0.023 J

0.022 U10

5,48

175

2.3

3708

6742

9360

51269

34270

72519

0006 0006-0 1824 0006

80-436 80-436 80-436 80-437

11f12/2001 11/12/2001 11/12/2001 11/812001

0.0-0.5 0.0-0.5 1.5-2.0 0.0-0.5
o s er

Ingestion Field Oup. OFF Field Oup. OFF-
PRG 80-436-0006 80-436-0006 None None

na YSls

TAL Metal Analysis (MG/KG)

Sum of PCB Congeners

Sample Number

Acenaphthylene

Dale Sampled

QC Identifier

Cadmium

Sample Location

Chromium

Interval

Benzo(a)pyrene

emlvo a Ie rgame na YSIS
(UG/KG)

Mercury

Dibenzo(a,h)anlhracene

Arsenic

Indeno(1 ,2 ,3~cd) pyrene

es lei e
(UG/KG)

100f15

U R Not detected; UJ - Detection limit approximate; J - Quantitation approximate;
.. ~ From dilution analysis; R R Rejected; NA ~ Not Analyzed



TABLE 4.1B
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDiATION GOALS (PRGs) FOR MARINE SEDiMENT

LIFETIME RECREATIONAL INGESTION OF LOBSTER
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

Iurr-ou-qqu- lurr-ou-qqu- Urr-oU-•• '- Urr-oU-•• '- Urr-oU-••;- Urr-,u-.,;- ,ucc-ou-.,.-
Sample Number 0006 1824 0006 1824 0006 1824 0006

Sample Location 80·440 80·440 80·441 50·441 80·443 80-443 80-444

Date Sampled 11/8/2001 11/8/2001 111812001 111812001 11113/2001 11/13/2001 11/812001

Interval 0,0-0.5 1.5-2.0 0.0·0.5 1.5-2.0 0.0-0.5 1.5-2.0 0,0-0.5
L.OIJSIl:l1

I
Ingestion

QC Identiner PRG None None None None None None None

emlVolatlJe urgamc AnalySIs

lUG/KG)

2-Methylnaphthalene 120 U 120 U 630 U 160 U 67 U 67 U 130 U

Acenaphlhylene 140 120 U 630 U 160 U 110 67 U 100 J

Benzo(a)anthracene 34270 580 120 U 600 J 180 670 58 J 530

Benzo(a)pyrene 9360 580 120 U 570 J 170 550 43 J 540

Benzo(b)f1uoranthene 51269 660 120 U 670 180 690 53 J 680

Dibenzo(a,h)anthracene 6742 120 U 120 U 630 U 160 U 67 U 67 U 130 U
Indena(1,2,3-cd)pyrene 72519 270 120 U 310 J 85 J 180 67 U 220 J

esticidelPCB AnalySIS

lUG/KG)

Sum of PCB Congeners 175 NA NA NA NA NA NA - NA

TAL Metal Analysis (MG/KG)

Arsenic 5.48 2.6 J 1.8 J 1.7 J 4.5 J 3.1 J 3.4 J 2.1 J

Cadmium 10 0.41 J 0.25 J 0.37 J 0.73 J 1.1 J 0.79 J 0.41 J

Chromium 3708 11.2 8.2 10.3 18.2 9.0 J 9.0 12.0
Mercury 2.3 0.066 0.018 U 0.060 0.41 0.091 0.022 U 0.065

11 of 15
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

* - From dilution analysis; R - Rejected; NA - Not Analyzed



TABLE 4.1B
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

LIFETIME RECREATIONAL INGESTION OF LOBSTER
OLD FIREFIGHTING TRAINING AREA

NAVAL STATiON NEWPORT, NEWPORT, RHODE ISLAND

1824 0006 1824

$0-460 80-461 80-461

11114/2001 11114/2001 11/14/2001

1.5-2.0 0.0-0.5 1.5-2.0

None None None

65 U 62 U 67 U 55 U

65 U 62 U 67 U 55 U

120 29 J 67 U 55 U

140 40 J 46 J 55 U

200 42 J 56 J 55 U

65 U 62 U 67 U 55 U

110 62 U 67 U 55 U

NA NA NA NA

3.9 J 3.6 J 3.0 J 5.4 J

0,024 U 0.023 U 0.026 U 0,021 U

14.0 14.7 15.2 11.9

0.047 J 0.032 J 0.047 J 0.015 U

1.2 J

7.9 J

0006

80-460

11/14/2001

0.0-0.5

None

53 J

58 J

590

700 J

920 J

150 UJ

290 J

NA

25.6

0.33

None

J

J

U

0006

80-446

11/8/2001

0.0-0.5

None

77 J 300

140 U 330

960 2300

860 2500

950 3100

140 U 270

290 J 1000

NA NA

3.7 J 4.2 J

0.55 J 0.59 J

14.6 17.2

0.20 0.11

10

2.3

5.48

175

6742

3708

9360

72519

51269

34270

na YSIS

2-Melhylnaphlhalene

Date Sampled 11/8/2001 11/8f2001

QC Identifier

Sample Number 1824 1824

Benzo(b)f1uoranthene

Cadmium

Sum of PCB Congeners

Acenaphthyrene

TAL Metal Analysis (MG/KG)

Benzo(a)anlhracene

emlVO a I e rgame na YSIS
(UG/KG)

Chromium

Benzo(a)pyrene

Indeno(1 ,2,3-cd)pyrene

Dibenzo(a,h)anthracene

Mercury

es lei e
(UG/KG)

Arsenic

12of15
U ~ Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

* - From dilution analysis; R - Rejected; NA ~ Not Analyzed



TABLE 4.1B
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATiON GOALS (PRGs) FOR MARINE SEDIMENT

LIFETIME RECREATIONAL INGESTION OF LOBSTER
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

IUrr-'U·4b<- Urr-'U-4b<- IUrr-'U-4bo- IUrr-'U-4oo- Urr-'U-4b4- IOrr-'U-4b4- Orr-'U-,oo-
Sample Number 0006 1824 0006 1824 0006 1824 0006

Sample Location 50·462 $0-462 $0·463 $0-463 80·464 $0-464 SO·465

Dale Sampled 11/1412001 11/14/2001 1111412001 11/14/2001 11/14/2001 11/14/2001 11/14/2001

Interval 0.0-0.5 1.5-2.0 0.0-0.5 1.5-2.0 0,0-0.5 1.5-2.0 0.0-0.5
lObste

Ingestion
QC Identifier PRG None None None None None None None

I~emlVoJatlle urgamc AnalySIS
lUG/KG)

2-Methylnaphthalene 68 U 60 U 61 U 59 U 70 U 56 U 63 U

Acenaphlhylene 68 U 60 U 61 U 59 U 70 U 56 U 63 U

Benzo(a)anlhracene 34270 110 60 U 61 U 59 U 34 J 56 U 32 J

Benzo(a)pyrene 9360 130 60 U 61 U 59 U 70 U 56 U 63 UJ

Benzo(b)f1uoranthene 51269 160 60 U 61 U 59 U 70 U 56 U 63 UJ

Dibenzo(a,h)anlhracene 6742 68 U 60 U 61 U 59 U 70 U 56 U 63 UJ

Indeno(1,2,3-cd)pyrene 72519 98 60 U 61 U 59 U 70 U 56 U 63 UJ
es lClue ~\,.oD, na YSIS

lUG/KG)

Sum of PCB Congeners 175 NA NA NA NA NA NA - NA

TAL Metal Analysis (MG/KG)

Arsenic 5.48 3.4 J 4.8 J NA 2.3 J 3.8 J 4.6 J 2.2 J

Cadmium 10 0.026 U 0.023 U NA 0.024 UJ 0.028 U 0.021 U 0.024 UJ

Chromium 3708 14.0 13.2 NA 10.6 14.5 14.5 9.9
Mercury 2.3 0.028 J 0.019 U NA 0.016 U 0.069 0.017 U 0.050

130f15

U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;
" - From dilution analysis; R - Rejected; NA - Not Analyzed



TABLE 4.1B
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

LIFETIME RECREATiONAL INGESTION OF LOBSTER
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

Benzo(a)anthracene

Benzo(b)f1uoranthene

2-Melhylnaphlhalene

Sum of PCB Congeners NA

0.50

46.9

0.058 U

NA

63 J 9.9 J

0.022 UJ

0.043

13.1

0006 1824 0006

SD~467 80-467 SO-468

11/14/2001 11/14/2001 11/12/2001

O.O~O.5 1.5-2.0 0,0-0.5

None I INone None

63 U 69 U 61 U 1600 U

63 U 69 U 61 U 1600 U

280 63 J 61 U 660 J

420 53 J 61 U 710 J

450 74 61 U 1200 J

62 J 69 U 61 U 1800 U

210 69 U 61 U 1600 U

62 U

150 J

62 U

74 J

420 J

450

370

NA NA NA

2.2 J 3.0 J 2.2 J

0.025 UJ 0.025 UJ 0.024 UJ

7.0 12.8 11.2

0.023 J 0.093 0.032 J

58 U

58 U

34270 26 J

9360 58 U

51269 24 J

6742 58 U

72519 58 U

175 NA

5.48 4.4 J

10 0.021 UJ

3708 9.7
2.3 0.020 U

1824 0006 1824

SO-465 SO-466 SO-466

11/14/2001 11/14/2001 11/14/2001

1.5-2.0 0.0-0.5 1.5-2.0
o s er

Ingestion
PRG None None None

na YSISes lei e

Sample Location

QC Identifier

Interval

Date Sampled

Sample Number

Benzo(a)pyrene

Cadmium

Chromium

emlVO a I e rgamc na YSIS
lUG/KG)

Dibenzo(a,h)anthracene

Acenaphthylene

Indeno(1,2,3-cd)pyrene

TAL Metal Analysis (MG/KG)

lUG/KG)

Arsenic

Mercury

14of15
U M Not detected; UJ M Detection limit approximate; J - Quantitation approximate;

• - From dilution analysis; R M Rejected; NA - Not Analyzed



TABLE 4.1B
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATiON GOALS (PRGs) FOR MARINE SEDIMENT

LIFETIME RECREATIONAL INGESTION OF LOBSTER
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

Sample Number

Sample Location

Dale Sampled

Interval

QC Identifier

1824 0006 1824

SD~468 80-469 80·469

11/12/2001 11/12/2001 11/1212001

1.5-2.0 0.0-0.5 1.5-2.0
o ,e

Ingestion
PRG None None None

emlvo a I e rgame na YSIS
lUG/KG}

Benzo(a)anlhracene

Benzo(b)f1uoranthene

2-Melhylnaphlhalene

Sum of PCB Congeners

100 U 150 U 100 UJ

100 U 70 J 47 J

180 460 160 J

200 500 240 J

280 690 350 J

100 U 98 J 100 UJ

160 350 170 J

NA NA NA175

6742

9360

72519

51269

34270

na YSISes lel e

lUG/KG)

Benzo(a)pyrene

Acenaphlhylene

Dibenzo(a,h)anthracene

Indena(1,2,3-cd)pyrene

TAL Metal Analysis (MG/KG)

Arsenic 5.48 100 J 11.1 J 14.7 J

Cadmium 10 0.89 0.051 U 0.037 U

Chromium 3708 49.1 50.6 55.8

Mercury 2.3 0.89 0.41 0.64

150f15
U - Not detected; UJ - Detection limit approximate; J - Quantitatlon approximate;

* - From dilution analysis; R - Rejected; NA - Not Analyzed



TABLE 4.1C
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

ECOLOGICAL EXPOSURES
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

IUCC- ,-ou- IUCc-<-OU- uc '-,-ou- uc --ou- uc '-o-ou- uc '-o-ou- IUCC-O-OU- IUcc-o-ou-
Sample Number 0015 0015 0015 0015 0015 2025 5560 0015

Sample Location OFF~1 OFF~2 OFF-3 OFF-4 OFF·5 OFF-5 OFF·5 OFF-6

Date Sampled 3/27/1998 3/27/1998 3/27/1998 3/27/1998 3/27/1998 4/27/1998 4f27/199S 3/27/1998

Inlerval 0.0-0.5 0.0-0.5 0,0-0.5 0.0-0.5 0.0-0.5 0.7-0.8 1.8-2.0 0.0-0.5
l::COloglca

QC Identifier PRG None None None None None None None None

emlVDlalhe vrgamc I-I.nalYSIS
lUG/KG)

2-Methylnaphthalene 185 26 J 77.6 J 89.2 J 38.1 J • 42.5 3.6 U 170 J

Acenaphthylene 697 93 488 350 424 509 144 4.6 U 195

Benzo(a)anthracene 100 3600 5690 2280 9300 882 8 U 4250

Benzo(a)pyrene 595 2410 3450 J 2090 4830 973 3 U 1990

Benzo(b)fluoranlhene NA NA NA NA NA NA NA NA
Dibenzo(a,h)anthracene 2434 441 J 1290 J , • 352 J • 345 2.8 U 1390 J

Jndeno(1,2,3-cd)pyrene 5633 1010 3070 • 1200 " 524 1.2 J 3030

es ICIOelt"~O J-ma YSIS

lUG/KG)

Sum of PCB Congeners 18.9 22.9 29.8 36.11 51.6 37 3.0 38.2

TAL Metal Analysis (MG/KG) -
Arsenic 6.3 J 8.0 J 3.6 J 4.3 J 3.6 J 4.9 J 5.3 J 4.1 J

Cadmium 0.31 0.14 0.18 0.060 0.23 0.55 1.29 0.15

Chromium 31.1 36.6 26.5 24.3 27.4 17.6 29.5 23.0

Mercury 0.371 0.081 0.050 U 0.050 U 0.050 U 0.071 0.050 U 0.050 U

1 of 15

U ~ Not detected; UJ ~ Detection limit approximate; J - Quantitation approximate;
* - From dilution analysis; R - Rejected; NA - Not Analyzed



TABLE 4.1C
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

ECOLOGICAL EXPOSURES
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

IUrr-b-'U- Urr-o-'U- Urr-(-'U- Urr-.-'U- Urr-.-,U- IUrr-1U-'U- Urr-1U-'U- IUrr-1U-'U-
Sample Number 2025 3540 0015 0015 0015 0015 1520 2530

Sample Location OFF-6 OFF-6 OFF-? OFF-B OFF-9 OFF·10 OFF-10 OFF·10

Date Sampled 412711998 4/27/1998 3/27/1998 4/711998 41711998 413/1998 41711998 41711998

Interval 0.7-0.8 1.1-1.3 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.5-0.7 0.8-1.0
co 09lca

QC Identifier PRG None None None None None None None None

l~emlVOlallleurgamc AnalySIS

IIUGIKG)

2-Methylnaphlhalene 185 " 9.6 54.9 14.4 3.1 J 3.1 J 3 J 2.6 J

Acenaphlhylene 697 95.8 3.1 J 169 18.5 5.7 4.1 J 3 J 2.1 J

Benzo(a)anlhracene 988 118 1160 214 57.3 35.2 23.4 15.5

Benzo(a)pyrene 1750 116 1330 218 76.1 45.1 31.3 19.8

Benzo(b)f1uoranthene NA NA NA NA NA NA NA NA
Olbenzo(a,h)anlhracene 2434 357 22.3 293 41.5 13.6 U 8.6 J 6.6 4.8

Indeno(1,2,3-cd)pyrene 5633 1140 72.2 968 136 48.1 35.3 26.9 14.8

esttcIOe/l-'l,;t:S AnalysIs

IUGIKG)

Sum of PCB Congeners 106.9 2.7 30.5 10.6 4.7 5.5 2.9 0.40

TAL Metal Analysis (MG/KG)

Arsenic 7.5 J 3.7 J 6.8 J 4.3 J 4.3 J 3.4 J 2.9 J 3.3 J

Cadmium 0.68 0.14 0.29 0.19 0.11 0.15 0.18 0.070

Chromium 35.3 29.7 43.1 42.3 38.6 32.1 30.1 39.2

Mercury 0.176 0.050 U 0.119 0.1481 0.050 u 0.070 0.070 0.073

2 of 15
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

* - From dilution analysis; R - Rejected; NA - Not Analyzed



TABLE4.1C
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

ECOLOGICAL EXPOSURES
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

Urr-11-oW- Urr-"-oW- Urr-11-oW- Urr-1L-oW- Urr-lo-oW- v. - ,,-o~- v, - ,o-o~- IV"-- ,u-o~-
Sample Number 0015 5055 105110 0015 0015 0015 0015 0015

Sample Location OFF-11 OFF-11 OFF-11 OFF-12 OFF-13 OFF-14 OFF-15 OFF-16

Date Sampled 4/3/1998 4/7/1998 4/7/1998 4/3/1998 4/3/1998 4/7/1998 4/7/1998 4/3/1998

Interval 0.0-0.5 1.6-1.8 3.4-3.6 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5
I t:co oglea

QC Identifier PRG None None None None None None None None

emlVOlatlle urganlc pna YSIS

(UG/KG)

2-Methylnaphlhalene 185 17.5 J 3.6 U 3.6 U 117 J 65.6 J 15.5 9.5 23.9 J

Acenaphlhylene 697 9 1.1 J 4.6 U 58.3 156 J 25.2 11.9 35.8 J

Benzo(a)anlhracene 168 44.7 8 U 1200 1160 J 216 106 195 J

Benzo(a)pyrene 148 37.5 3 U 1420 1150 J 255 103 220 J

Benzo(b)f1uoranthene NA NA NA NA NA NA NA NA
Dibenzo(a,h)anlhracene 2434 23.9 J 4.8 0.8 J 280 J 213 J 52.2 44 49.6 J
[ndena(1,2,3-cd)pyrene 5633 86.3 23.1 1.5 J 777 646 J 172 116 156 J
eStlCICle/~C;1:S AnalysIs

lUG/KG)

Sum of PCB Congeners 44.2 2.0 0.70 65.1 95.5 24.8 7.3 22.7

TAL Metal Analysis (MG/KG) -
Arsenic 2.7 J 5.0 J 4.7 J 5.2 J 6.0 J 8.5 J 3.7 J 5.0 J

Cadmium 0.22 0.27 0.20 0.53 0.80 0.12 0.18 0.36

Chromium 30.2 32.1 231.7 58.6 73.7 44.9 41.0 48.0
Mercury 0.125 0.050 U 0.051 0.376 1.355 0.196 0.10 0.208

30f15
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

* - From dilution analysis; R - Rejected; NA - Not Analyzed



TABLE4.1C
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATiON GOALS (PRGs) FOR MARINE SEDIMENT

ECOLOGICAL EXPOSURES
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

jUrr-H-.U- Urr-1O-.U- Urr-1O-W- Urr-" o-.u- Urr-·,"-.u- Urr-LU-.U- Urr-L·'-.U- Urr-LL-.U-
Sample Number 0015 0015 5055 105110 0015 0015 0015 0015

Sample Location OFF~17 OFF-18 OFFw 18 OFF-18 OFF-19 OFF-ZO OFF-21 OFF-22

Date Sampled 4/3/1998 4/3/1998 4/7/1998 4/7/1998 4/7/1998 4/3/1998 4/3/1998 3/27/1998

Interval 0.0-0.5 0.0-0.5 1.6-1.8 3.4-3.6 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5
i ecologlea

QC Identifier PRG None None None None None None None None

I.:>emlvo alile urgamc A.nalysls

IlUG/KG)

2-Methylnaphlhalene 185 19.7 J 63.8 J 0 91.1 31.5 40A J 13.1 J 3.1 J

Acenaphthylene 697 41.1 141 210 80.2 40.6 14.8 18.3 4.4 J

Benzo(a)anthracene 251 730 787 1260 316 320 151 35.6

Benzo(a)pyrene 333 964 931 1170 322 257 176 38.8

Benzo(b)fluoranthene NA NA NA NA NA NA NA NA
Djbenzo(a,h)anlhracene 2434 76.1 J 273 J 248 204 57.4 50.3 J 40.4 J 12.2 J
Indeno(1 ,2,3-cd)pyrene 5633 237 785 821 619 195 150 126 33.9

eStlCloelt'L,;t;j AnalysIs
(UG/KG)

Sum of PCB Congeners 16.6 62.9 46.8 12 28.4 18.9 15.6 2.8

TAL Metal Analysis (MG/KG) -
Arsenic 4.7 J 6.3 J 5.6 J 6.4 J 5.8 J 4.2 J 4.9 J 3.8 J

Cadmium 0.38 0.69 1.12 0.50 0.21 0.25 0.39 0.19

Chromium 44.1 73.6 79.7 76.4 55.6 52.5 52.9 47.8

Mercury 0.225 I 0.562 0.97 1.901 0.299 0.171 0.112 0.111

4 of 15

U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;
.. - From dilution analysis; R - Rejected; NA - Not Analyzed



TABLE 4.1C
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

ECOLOGICAL EXPOSURES
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

UCC-",-OU- UCC-OU-4UO- IUcc-ou-4ul- v, "~-"UO- vc --'~-"UO-uuuo v, --'~'"UO- Iv,r-,~-""o-

Sample Number 0015 OD06 0006 0006 D 0006 0OO6~D

Sample Location OFF-23 $0·406 50-407 SO-408 SO-408 50-409 8D·409

Date Sampled 4/3f1998 11/12/2001 11/12/2001 11/14/2001 11/1412001 11/14/2001 11/14/2001

JnleNal 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5
ECOtog ca Ie .......p...... - 'Fie1a-orrp.-oF I - Ie,,", .... up. '-'I , Ie,. v.p. OFf'"" -

QC Identifier PRG None None None SO·408·0006 SO-408-0006 80-409-0006 80-409-0006

l~emlvoJameurgamc Ana YSls
lUG/KG)

2-Methylnaphlhalene 185 43.4 64 U 66 U 60 U 64 UJ 61 U 77 UJ

Acenaphlhylene 697 77.5 64 U 66 U 60 U 64 UJ 61 U 77 UJ

Benzo(a)anlhracene 616 64 U 66 U 85 110 J 58 J 110 J

Benzo(a)pyrene 758 64 U 66 U 90 130 J 69 120 J

Benzo(b)f1uoranthene NA 64 U 66 U 120 170 J 78 160 J

Dibenzo(a,h)anthracene 2434 179 64 U 66 U 60 U 64 UJ 61 U 77 UJ
Indeno(1,2,3-cd)pyrene 5633 511 64 U 66 U 74 100 J 61 U 77 UJ

estlcloe/PCB AnalYSiS

lUG/KG)

Sum of PCB Congeners 44.6 NA NA NA NA NA NA

TAL Metal Analysis (MG/KG) -
Arsenic 4.8 J 2.4 2.1 3.1 J 3.0 J 6.4 J 4.9 J

Cadmium 0.43 0.025 U 0,022 U 0.021 U 0.025 U 0.022 U 0.031 U

Chromium 53.2 10.8 11.4 11.3 13.6 11.2 15.4

Mercury 0.387 0.032 J 0.038 J 0,029 J 0.035 J 0.030 J 0.073

5 of 15

U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;
* - From dilution analysis; R - Rejected; NA - Not Analyzed



TABLE4.1C
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

ECOLOGICAL EXPOSURES
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

IUJ-J--'U-4'U- UJ-J--ou-",- lurr-ou- '0- UJ-J--'U-4'.- IUJ-J--ou-.,,- ur -oLl-4'.- ur '-ou'.LU-
Sample Number 0006 0006 0006 0006 0006 0OO6~D 0006

Sample Location 50·410 50-415 50-416 SO,418 50-419 50-419 50-420

Dale Sampled 11/14/2001 11f12/2001 11/14/2001 11/812001 11/8/2001 11/8/2001 11/812001

Interval 0.0·0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5
I ,-co oglCa ,e up. Ie,,, L.lUP' F '

QC Identifier PRG None None None None 50-419-0006 50-419-0006 None

l::iemlvoJatIJe urgamc AnalySIs

IlUG/KG)

u)IC@~~II~I~,~m2-Methylnaphthalene 185 .. 62 U 61 U 120 U 130 U 140

Acenaphlhylene 697 400 24 J 280 120 U 91 J 130 J 120 J

Benzo(a)anthracene 9200 120 J 1200 180 580 530 860

Benzo{a)pyrene 9500 140 J 1400 160 470 540 850

Benzo(b)f1uoranlhene 12000 160 1600 180 600 700 1000

Dibenzo(a,h)anlhracene 2434 1500 62 U 220 120 U 130 U 140 U 280 U
Indeno(1,2,3-cd)pyrene 5633 5200 1 91 860 80 J 200 200 J 310 J

as JClue :"" ....0, na YSIS

lUG/KG)

Sum of PCB Congeners NA NA NA NA NA NA NA

TAL Metal Analysis (MG/KG) -
Arsenic 4.4 J 2.2 3.3 J 3.2 J 2.7 J 2.9 J 3.4 J

Cadmium 0.025 U 0.023 U 0.021 U 0.47 J 0.44 J 0.45 J 0.52 J

Chromium 17.5 10.6 10.8 11.3 11.8 12.4 14.6

Mercury 0.060 0.0491 0.037 J 0.053 0.057 0.061 0.085

6 of 15
U R Not detected; UJ . Detection limit approximate; J ~ Quantitation approximate;

* ~ From dilution analysis; R - Rejected; NA ·-Not Analyzed



TABLE 4.1C
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS IPRGs) FOR MARINE SEDIMENT

ECOLOGICAL EXPOSURES
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

Gee-SU-421- Gee-SU-4«- ,Gee-su-",,- ,v,,-,~-.<o- vr '-'~-'<' - Ivrr-,~-.«- ,vrr-,~-.<,-

Sample Number 0006 0006 0006 0006 1824 1824·0 0006

Sample Location 50·421 50·422 50·423 80-426 80·427 80·427 80-427

Date Sampled 11/8/2001 11/8/2001 11/812001 11/14/2001 11/12/2001 11112/2001 11/12/2001

JoleNal 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 1.5-2.0 1.5-2.0 0.0-0.5
ECOloglCa

I
Ie,,, .......p. FP- c--- Fiet"c.. ....up...... -

QC Identifier PRG None None None None 80-427-1824 80-427-1824 None

l:3emlVOlaule urganlc AnalysIs
lUG/KG)

2-Methylnaphlhalene 185 63 U 60 U 58 U 82 U

Acenaphthylene 697 260 U 210 J 380 U 63 U 60 U 58 U 82 U

Benzo(a)anthracene 320 1300 1600 63 U 60 U 58 U 82 U

Benzo(a)pyrene 340 1000 1600 63 U 60 U 58 U 82 U

Benzo(b)f1uoranlhene 420 1200 2100 63 U 60 U 58 U 82 U

Oibenzo(a,h)anlhracene 2434 260 U 290 U 380 U 63 U 60 U 58 U 82 U
Indeno(1,2,3-cd)pyrene 5633 150 J 500 560 J 63 U 60 U 58 U 82 U

esticide/PCB AnalySIS
lUG/KG)

Sum of PCB Congeners NA NA NA NA NA NA NA

TAL Metal Analysis (MG/KG) -
Arsenic 2.6 J 3.5 J 6.9 J 2.8 J 2.4 J 2.0 2.6

Cadmium 0.42 J 0.57 J 1.1 J 0.024 UJ 0.022 U 0.021 U 0.029 U

Chromium 12.7 15.9 27.5 10.2 13.5 13.7 14.0

Mercury 0.078 0.096 0.23 0.025 J 0.026 J 0.027 0.041 J

7 of 15

U R Not detected; UJ - Detection limit approximate; J - Quantitation approximate;
* - From dilution analysis; R - Rejected; NA - Not Analyzed



TABLE 4.1C
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

ECOLOGICAL EXPOSURES
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

OCC-5U-""- IOcc-5U-42"- Ivrr-ow-,.,- ,vr -ow-,.u- ·-ow-,.u- Ivrr-o~-,o,- vr ·-ow-,. -
Sample Number 0006 1824 0006 0006 1824 0006 1824

Sample Location SD~428 8D-428 80-429 80-430 50-430 SD~431 80-431

Date Sampled 11/14/2001 11/14/2001 11/12/2001 11/12/2001 11/12/2001 11/12/2001 11/12/2001

Inlerval O.O~O.5 1.5-2.0 0.0-0.5 0,0-0.5 1.5-2.0 0.0-0.5 1.5-2.0
co nglCa

QC Identifier PRG None None None None None None None

ItiemlVolatl e urgamc AnalysIs
lUG/KG)

2-Methylnaphthalene 185 73 U 60 U 65 U 63 U 61 U 62 U 58 U

Acenaphthylene 697 64 J 47 J 65 U 63 U 61 U 62 U 58 U

Benzo(a)anthracene 580 370 65 U 63 U 61 U 62 U 58 U

Benzo(a)pyrene 530 J 320 J 65 U 63 U 61 U 62 U 58 U

Benzo(b)f1uoranlhene 740 J 420 J 65 U 63 U 61 U 62 U 58 U

Dibenzo(a,h)anthracene 2434 73 UJ 60 UJ 65 U 63 U 61 U 62 U 58 U
[ndena(l ,2,3-cd)pyrene 5633 200 J 120 J 65 U 63 U 61 U 62 U 58 U

esticidelPCB AnalySIS
lUG/KG)

Sum of PCB Congeners NA NA NA NA NA NA NA

TAL Metal Analysis (MG/KG) -
Arsenic 4.5 J 3.1 J 4.7 J 2.6 J 4.5 J 1.4 J 3.2 J

Cadmium 0.030 UJ 0.023 UJ 0.024 U 0.026 U 0.022 U 0.024 U 0.023 U

Chromium 15.6 11.8 17.6 11.6 14.8 12.3 14.8
Mercury 0.059 0.096 0.070 0.061 I 0.032 J 0.040 J 0.033 J

8 of 15
U R Not detected; UJ R Detection limit approximate; J R Quantitation approximate;

.. - From dilution analysis; R - Rejected; NA - Not Analyzed



TABLE 4.1C
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATiON GOALS (PRGs) FOR MARINE SEDIMENT

ECOLOGICAL EXPOSURES
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

lurr-"U-4~~- Urr-"U-4~~- IUrr-"U-4~4- Urr-"U-4~4-UUUO' 9rr-"U-4~4- Urr'OU'4~'- lurr-ou-4~"

Sample Number 0006 1824 0006 D 1824 0006 1824

Sample Location SO·433 80·433 80-434 80·434 80-434 SO·435 50·435

Dale Sampled 11/12/2001 11/12/2001 11/14/2001 11/14/2001 11/14/2001 11/12/2001 11/12/2001

Interval 0,0-0.5 1.5-2.0 0.0-0.5 0.0-0.5 1.5-2.0 0.0-0.5 1.5-2.0
l:CO 09u,;a ,e,tl1JUp.OFr- f-- Fietcrorrp.-oFr-

QC Identifier PRG None None 80-434-0006 $0-434-0006 None None None

emlVOIaIlle urgamc na ysrs
(UG/KG)

2-Melhylnaphlhalene 185 68 U 61 U 65 U 67 U 62 U 72 U 60 U

Acenaphthylene 697 68 U 61 U 93 51 J 94 72 U 60 U

Benzo(a)anthracene 68 U 61 U 400 330 540 72 U 60 U

Benzo(a)pyrene 68 U 61 U 340 J 280 J 460 32 J 60 U

Benzo(b)fluoranthene 37 J 61 U 440 J 360 J 570 48 J 60 U

Dibenzo(a,h)anlhracene 2434 68 U 61 U 65 UJ 67 UJ 60 J 72 U 60 U
Indeno(1,2,3-cd)pyrene 5633

1 68 U 61 U 120 J 94 J 190 27 J 60 U
estlclOe/l"'(.;ti AnalysIs

(UG/KG)

Sum of PCB Congeners NA NA NA NA NA NA NA

TAL Metal Analysis (MG/KG) -
Arsenic 2.2 J 5.4 J 3.6 J 3.4 J 3.3 J 2.5 J 2.3 J

Cadmium 0.025 U 0.022 U 0.026 UJ 0.026 UJ 0.023 UJ 0.027 U 0.020 U

Chromium 11.9 12.2 11.8 12.1 11.1 14.1 11.1
Mercury 0.053 0.019 U 0.030 J 0.036 J 0.033 J 0.050 0.018 U

9 of 15
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

* M From dilution analysis; R M Rejected; NA - Not Analyzed



TABLE 4.1C
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

ECOLOGICAL EXPOSURES
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

IUrr-oLJ-4oo- IUrr-oLJ-4oo- Urr-oLJ-4oo- IUrr-oLJ-401- 9rr-oLJ-401- Urr-oLJ-40.- IUrr-oLJ-.oo-
Sample Number 0006 0006·0 1824 0006 1824 0006 1824

Sample Location 50·436 5D·436 50-436 8D·437 80-437 80·438 50·438

Date Sampled 11112/2001 11112/2001 11/12/2001 11/812001 111812001 1118/2001 11/812001

Interval 0.0-0.5 0.0·0.5 1.5-2.0 0.0-0.5 1.5-2.0 0.0-0.5 1.5-2.0
Ec510giCat FielctOITp.UF lela-ou-p:-DF -

QC Identifier PRG 50-436-0006 80·436·0006 None None None None None

emlVOlaIlle urgamc Ana YSIS
(UG/KG)

2-Melhylnaphthalene 185 64 U 65 U 26 J 140 U 120 U 130 U 120 U

Acenaphthylene 697 210 210 280 140 U 120 U 150 120 U

Benzo(a)anlhracene 980 1200 1200 140 120 U 770 120 U

Benzo(a)pyrene 850 1000 1100 130 J 120 U 740 120 U

Benzo(b)f1uoranlhene 1000 1300 1300 160 120 U 880 120 U

Dibenzo(a,h)anthracene 2434 140 170 160 140 U 120 U 130 U 120 U

Indena{1,2,3-cd)pyrene 5633 540 610 680 62 J 120 U 280 J 120 U
estiClaewl,;1:S AnalysIs

(UG/KG)

Sum of PCB Congeners NA NA NA NA NA NA NA

TAL Metal Analysis (MG/KG) -
Arsenic 6.0 J 3.9 5.5 J 3.4 J 2.3 J 4.1 J 1.9 J

Cadmium 0.022 U 0.025 U 0.024 U 0040 J 0.34 J 0043 J 0.27 J

Chromium 11.8 10.8 14.9 11.6 9.4 11.7 11.4

Mercury 0.023 J 0.027 0.047 0.057 0.019 U 0.045 0.0191 U

100f15
U - Not detected; UJ - Detection limit approximate; J - auantitation approximate;

* - From dilution analysis; R - Rejected; NA - Not Analyzed



TABLE 4.1C
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

ECOLOGICAL EXPOSURES
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT. NEWPORT, RHODE ISLAND

lorr-SU·44U- orr·su· ,"u, IV'-ow·•• ,- v, ·ow-•• ,- vr '-ow- '.0- v, -ou-••o· Ivrr-ow·•••-
Sample Number 0006 1824 0006 1824 0006 1824 0006

Sample Location 50-440 50-440 50-441 50-441 50·443 50-443 50-444

Dale Sampled 11/8/2001 1118/2001 11/8/2001 11/8/2001 11/13/2001 11/13/2001 11/812001

Interval 0.0-0.5 1.5-2.0 0,0-0.5 1.5-2.0 0,0-0.5 1.5-2.0 0.0-0.5
co oglea

QC Identifier PRG None None None None None None None

.::semIVOlame urganlc AnalysIs
(UG/KG)

2-Methylnaphthalene 185 120 U 120 U' 160 U 67 U 67 U 130 U

Acenaphthylene 697 140 120 U 630 U 160 U 110 67 U 100 J

Benzo(a)anlhracene 580 120 U 600 J 180 670 58 J 530

Benzo(a)pyrene 580 120 U 570 J 170 550 43 J 540

Benzo(b)f1uoranthene 660 120 U 670 180 690 53 J 680

Dibenzo(a,h)anthracene 2434 120 U 120 U 630 U 160 U 67 U 67 U 130 U
Indeno(1,2,3-cd)pyrene 5633 270 120 U 310 J 85 J 180 67 U 220 J

eSllCluelr...g ,..nalysls

(UG/KG)

Sum of PCB Congeners NA NA NA NA NA NA NA

TAL Metal Analysis (MG/KG) -
Arsenic 2.6 J 1.8 J 1.7 J 4.5 J 3.1 J 3.4 J 2.1 J

Cadmium 0.41 J 0.25 J 0.37 J 0.73 J 1.1 J 0.79 J 0.41 J

Chromium 11.2 8.2 10.3 18.2 9.0 J 9.0 12.0

Mercury 0.066 0.D18 U 0.060 0.41 0.091 0.022 ul 0.065

110f15
U R Not detected; UJ R Detection limit approximate; J R Quantitation approximate;

* - From dilution analysis; R - Rejected; NA - Not Analyzed



TABLE 4.1C
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

ECOLOGICAL EXPOSURES
OLD FIREFIGHTING TRAINING AREA

NAVAL STATiON NEWPORT, NEWPORT, RHODE ISLAND

Urr-oU-444- IUrr-ou-440- IUrr-OU-44o- lurr-ou-4oU- IUrr-oU·4oU- Urr-oU-4o1- Urr-oU-4bl'
Sample Number 1824 0006 1824 0006 1824 0006 1824

Sample Location SD~444 80-446 80-446 50-460 50-460 80-461 80-461

Date Sampled 11/8/2001 11/8/2001 11/8/2001 11/14/2001 11/14/2001 11/14/2001 11/14/2001

Interval 1.5-2.0 0.0-0.5 1.5-2.0 0.0-0.5 1.5-2.0 0,0-0.5 1.5-2.0
I t:co 09 10al

QC Identifier PRG None None None None None None None

I~emlvo alile urganlc I-malysis
lUG/KG)

2-Melhylnaphthalene 185 77 ~l~fllllrrllffr£{~ !%~ 53 J 65 U 62 U 67 U 55 U

Acenaphthylene 697 140 U 330 58 J 65 U 62 U 67 U 55 U

Benzo(a)anthracene 960 2300 590 120 29 J 67 U 55 U

Benzo(a)pyrene 860 2500 700 J 140 40 J 46 J 55 U

Benzo(b)f1uoranlhene 950 3100 920 J 200 42 J 56 J 55 U

Dibenzo(a,h)anlhracene 2434 140 U 270 J 150 UJ 65 U 62 U 67 U 55 U

lndeno(1,2,3-cd)pyrene 5633 290 J 10001 J 290 J 110 62 U 67 U 55 U
eStlCICeWl;l:S AnalysIs

lUG/KG)

Sum of PCB Congeners NA NA NA NA NA NA NA

TAL Metal Analysis (MG/KG) -
Arsenic 3.7 J 4.2 J 7.9 J 3.9 J 3.6 J 3.0 J 5.4 J

Cadmium 0.55 J 0.59 J 1.2 J 0.024 U 0.023 U 0.026 U 0.021 U

Chromium 14.6 17.2 25.6 14.0 14.7 15.2 11.9

Mercury 0.20 0.11 0.33 0.047 J 0.032 J 0.047 J 0.015 U

120f15
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

* - From dilution analysis; R - Rejected; NA - Not Analyzed



TABLE 4.1C
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATiON GOALS (PRGs) FOR MARINE SEDIMENT

ECOLOGICAL EXPOSURES
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

uc ·-ow-,o.- uc ·-OW-qo.- IUCC-OW-qOO- IUCC-OW-qOO- uc '-oW-'Qq- UCC-OW-qOq- uc -ow-,oo-

Sample Number 0006 1824 0006 1824 0006 1824 0006

Sample Location 80·462 80-462 80-463' 50-463 50-464 80-464 SO-465

Date Sampled 11/14/2001 11/14/2001 1111412001 11/14/2001 11/14/2001 1111412001 11/14/2001

Interval 0.0-0.5 1.5-2.0 0,0-0.5 1.5-2.0 0.0-0.5 1.5-2.0 0.0-0.5
I l:;COloglca,

QC Identifier PRG None None None None None None None

l::iemlVOJ3tlle urgamc AnalySIs
(UG/KG)

2-Methylnaphthalene 185 68 U 60 U 61 U 59 U 70 U 56 U 63 U

Acenaphlhylene 697 68 U 60 U 61 U 59 U 70 U 56 U 63 U

Benzo(a)anthracene 110 60 U 61 U 59 U 34 J 56 U 32 J

Benzo(a)pyrene 130 60 U 61 U 59 U 70 U 56 U 63 UJ

Benzo(b)fluoranlhene 160 60 U 61 U 59 U 70 U 56 U 63 UJ

Oibenzo(a,h)anthracene 2434 68 U 60 U 61 U 59 U 70 U 56 U 63 UJ
Indeno(1,2,a-cd)pyrene 5633 98 60 U 61 U 59 U 70 U 56 U 63 UJ

es IClue r"l.oO Ana YSIS

(UG/KG)

Sum of PCB Congeners NA NA NA NA NA NA NA

TAL Metal Analysis (MG/KG) -
Arsenic 3.4 J 4.8 J NA 2.3 J 3.8 J 4.6 J 2.2 J

Cadmium 0.026 U 0.023 U NA 0.024 UJ 0.028 U 0.021 U 0.024 UJ

Chromium 14.0 13.2 NA 10.6 14.5 14.5 9.9

Mercury 0.028 J 0.019 U NA 0.016 U 0.069 0.017 U 0.050

130f15
U - Not detected; UJ - Detection limit approximate; J ~ Quantitation approximate;

* - From dilution analysis; R - Rejected; NA - Not Analyzed



TABLE 4.1C
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

ECOLOGICAL EXPOSURES
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

uee-bU-40'- luee-bu-400- uee-bU-.OO- lue ·-bU-.O'- uee-bU-4O'- uee-bU-4OO- luee-bu-400-
Sample Number 1824 0006 1824 0006 1824 0006 1824

Sample Location 50-465 SO-466 SD-466 80·467 SD~467 50-468 SO-468

Date Sampled 11/14/2001 11/14/2001 11/14/2001 11/14f2001 11/14/2001 11/12/2001 11/12/2001

Interval 1.5-2.0 0.0-0.5 1.5-2.0 0.0-0.5 1.5-2.0 0.0-0,5 1.5-2.0
Ecological

QC Identifier PRG None None None None None None None

I;:)emlvo alile vrgamc J.lnaIYSIS

(UG/KG)

2-Melhylnaphlhalene 185 58 U 62 U 63 U 69 U 61 U 100 U

Acenaphlhylene 697 58 U 74 J 63 U 69 U 61 U 100 U

Benzo(a)anlhracene 26 J 420 J 280 63 J 61 U 660 J 180

Benzo(a)pyrene . 58 U 370 420 53 J 61 U 710 J 200

Benzo(b)fluoranthene 24 J 450 450 74 61 U 1200 J 280

Dibenzo(a,h)anthracene 2434 58 U 62 U 62 J 69 U 61 U 1600 U 100 U

Indeno(1,2,3-cd)pyrene 5633 58 U 150 J 210 69 U 61 U 1600 U 160

eStlCIOe/l"'l,;j:j A.nalysls

(UG/KG)

Sum of PCB Congeners NA NA NA NA NA NA NA

TAL Metal Analysis (MG/KG) -
Arsenic 4.4 J 2.2 J 3.0 J 2.2 J 6.3 J 9.9 J 10.0 J

Cadmium 0.021 UJ 0,025 UJ 0.025 UJ 0.024 UJ 0.022 UJ 0.058 U 0.89

Chromium 9.7 7.0 12.8 11.2 13.1 46.9 49.1

Mercury 0.020 U 0.023 J 0.093 0.032 J 0.043 0.50 0.89

14 of 15
U - Not detected; UJ R Detection limit approximate; J - Quantitation approximate;

* - From dilution analysis; R - Rejected; NA - Not Analyzed



TABLE4.1C
CONTAMINANTS IN EXCEEDANCE OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

ECOLOGICAL EXPOSURES
OLD FIREFIGHTING TRAINING AREA

NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

lurr->u-qo.- Urr->U-qO.-
Sample Number 0006 1824

Sample Location 50-469 80-469

Dale Sampled 11/12/2001 11/12/2001

[nlelVal 0.0-0.5 1.5-2.0
ceo oglca

QC Identifier PRG None None

IsemlVOlatiJe urgamc J-\.na YSIS

(UG/KG)

2-Melhylnaphthalene 185 150 U 100 UJ

Acenaphlhylene 697 70 J 47 J

Benzo(a)anthracene 460 160 J

Benzo(a)pyrene 500 240 J

Benzo(b)fluoranthene 690 350 J

Dibenzo(a,h)anlhracene 2434 98 J 100 UJ

Indeno(1,2,3-cd)pyrene 5633 350 170 J
eSlIClaeWl't;S AnalySIs

lUG/KG)

Sum of PCB Congeners NA NA

TAL Metal Analysis (MG/KG)

Arsenic 11.1 J 14.7 J

Cadmium 0.051 U 0.037 U

Chromium 50.6 55.8

Mercury 0,41 0.64

150f15
U - Not detected; UJ - Detection limit approximate; J - auantitation approximate;

* - From dilution analysis; R - Rejected; NA - Not Analyzed



TABLE 4.2
SUMMARY OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR MARINE SEDIMENT

OLD FIREFIGHTING TRAINING AREA, NSN NEWPORT, RHODE ISLAND

Contaminant

Polyaromatic Hydrocarbons (ug/kg)
2-Methylnaphthalene
Acenaphthylene
Benz(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a, h)anthracene
Indeno(1,2,3-cd)pyrene

Ecological
PRGs (2)

185
697

2434
5633

Human Health
Lifetime Recreational

Exposure PRGs

1338
134

1338
134

Lifetime Recreational
Lobster

Ingestion PRGs (1)

34270
9360

51296
6742

72519

PCB/Pesticides
Total PCB Congeners

Metals (mg/kg)
Arsenic**
Cadmium
Chromium
Mercury

10
3708

2.3

Note: All Human health PRGs are based on an exposure specific risk of 1E-6.

Lifetime Recreational exposure to sediment compared to stations above low tide line
Lobster Ingestion PRGs only compared to stations at and below low tide line
Ecological PRGs only compared to stations at and below low tide line
** arsenic PRG for human health is based on HHRA and background assessment
(1) - Lifetime recreational ingestion of lobster scenario.
(2) - Ecological PRGs for metals are eliminated based on low AVS-SEM values indicating no toxicity from metals - see text
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APPENDIX E
AREA AND VOLUME ESTIMATES

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

This appendix provides the supporting documentation for the estimation of areas and volumes of soil and
•

sediment to be addressed at the OFFTA site.

E.1 SOIL AND DEBRIS AREASNOLUMES

The estimation of volume for the soil alternatives was accomplished In two parts: the mounds at the site

and the remaining soil below grade. To estimate the volume of the mounds, a contour map was used,

and the area between each successive concentric contour line was measured. A base elevation for the

surrounding terrain was chosen for each mound, and the volume within each contour was calculated

based on its height above the base elevation. A spreadsheet showing the measurements and

calculations is provided in Table E-1.

The second volume estimate was performed for the remaining soil below grade, assuming that the

mounds were removed to the elevation of the surrounding terrain. The depths of contamination were

estimated for different blocks of the site as shown on Figure 2-3. For example, the depth of

contamination for a large portion of the western end of the site is estimated at 2 feet, indicated by blue on

Figure 2-3. The assigned depth of each block was then multiplied by its area to estimate the volume of

each block. The volumes of all blocks were then summed, as shown in Table E-2. The areas are

presented on the color-coded map in Figure 2-3.

An estimate was made of the percentage of the volume that is debris. The estimate for the mound was

50% debris, and the estimate for the remaining volume was 20% debris. Estimated debris and soil

volumes are provided in Table E-3. Resulting debris and soil volumes are as follows:

Media Mounds (cy) Soil (cy) TOTAL (cy)

Debris 5,450 7,520 12,970

Soil 5,450 30,080 35,530

TOTAL 10,900 37,600 48,500

E-1



E.2 SEDIMENT ACTION AREASIVOLUMES AND EELGRASS AREAS

The sediment where COCs exceed selected PRGs are considered actionable sediments. The actionable

sediment area was estimated using Figure 2-4, which shows the action areas deiineated. Areas (in

square feet (sf)) associated with the beach (intertidal) area and nearshore (subtidal) areas at sampling

stations SO-41 0, OFF-3, OFF-5, and OFF-6 are shown in the table below.

The depth of the actionable sediment at the beach (intertidal) area (shown in orange on Figure 2-4) is

assumed to be 2 feet and is based on the maximum depth of observed contamination in the beach

samples. The depth of the actionable sediment of the nearshore (subtidal) areas (shown in blue on

Figure 2-4) is assumed to be 1 foot and was chosen based on the majority of samples collected in the

nearshore. Table 2-16 iists all the PRG exceedances for both the beach and nearshore areas.

It should be noted that some beach sediments exceed the ecological PRGs and are a subset of those

sediments that exceed the human health based PRGs, and as such, they are included in the beach

sediment removal areas. These areas are shown on Figure 2-4 as blue-orange hatch.

The total volume of sediment is calculated by multiplying the estimated areas by the appropriate depth (2

feet for the beach, 1 foot for the nearshore).

A separate estimate was made for eelgrass bed areas. Figure 2-4 shows the area of the eelgrass beds

that overlap with the area of contaminated sediment. The associated depth of contaminated sediment in

the eelgrass beds is 1 foot, in keeping with the assumption made for the nearshore sediment.

In summary, the areas and volumes of the sediment and eelgrass are as follows. Supporting information

is provided in Table E-4.

Medium Area (sq tt) Volume (cu yd)

Actionable Beach (Intertidal) Sediment (2 foot 77,171 5,716

depth)

Actionable Nearshore (Subtidal) Sediment, 7,842* 290*

Including Eelgrass Area* (1 foot depth)

Actionable Sediment Within Eelgrass Area* (1 foot 2,039* 76*

depth)

* Area of actionable sediment within eelgrass beds IS subject to change based on results of the

Phase 2 predesign investigation

E-2



TABLE E-1
MOUND VOLUME ESTIMATES

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Contour Height Map Area' Area Volume Volume
Interval (It)above 11 It (sq in) (51) (el) (ey)

Central Mound >30 19 0.33 ~8 10032 371.6
29-30 18.5 0.35 560 10360 383.7
28-29 17.5 0.36 576 10080 373.3
27-28 16.5 0.37 592 9768 361.8
26-27 15.5 0.45 720 11160 413.3
25-26 14.5 0.49 784 11368 421.0
24-25 13.5 0.58 928 12528 464.0
23-24 12.5 0.59 944 11800 437.0
22-23 11.5 0.67 1072 12328 456.6
21-22 10.5 0.69 1104 11592 429.3
20-21 9.5 0.72 1152 10944 405.3
19-20 8.5 0.8 1280 10880 403.0
18-19 7.5 0.88 1408 10560 391.1
17-18 6.5 0.97 1552 10088 373.6
16-17 5.5 1.04 1664 9152 339.0
15-16 4.5 1.11 1776 7992 296.0
14-15 3.5 1.27 2032 7112 263.4
13-14 2.5 1.3 2080 5200 192.6
12-13 1.5 1.48 2368 3552 131.6

6907.3

Contour Height Map Area' Area Volume Volume
Interval (It) above 8 It (59 in) (51) (cf) (ey)

West Mound >17 9 0.67 1072 9648 357.3
16-17 8.5 0.95 1520 12920 478.5
15-16 7.5 1.04 1664 12480 462.2
14-15 6.5 1.21 1936 12584 466.1
13-14 5.5 1.3 2080 11440 423.7
12-13 4.5 1.54 2464 11088 410.7
11-12 3.5 1.96 3136 10976 406.5
10-11 2.5 1.69 2704 6760 250.4
9-10 1.5 1.65 2640 3960 146.7

3402.1

Contour Height Map Area' Area Volume Volume
Interval (It) above 9 It (sq in) (51) (el) (ey)

Far West Mound >13 4 0.81 1296 5184 192.0
12-13 3.5 0.74 1184 4144 153.5
11-12 2.5 0.95 1520 3800 140.7
10-11 1.5 0.97 1552 2328 86.2

572.4

GRAND TOTAL 10881.8 ey
, Plan scale: 1" =40'
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TABLE E-2
CONTAMINATED SOIL VOLUME ESTIMATE

EXCLUDING THE MOUNDS
FEASIBILITY STUDY

OLD FIRE FIGHTING TRAINING AREA
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Depth of
Excav. Area* Area Volume Volume

(fI) (sq in) (sf) (cl) (cy)
2 4.85 7760 15520 574.8
8 16.24 25984 207872 7699.0
4 35.91 57456 229824 8512.0
8 0.29 464 3712 137.5
8 14.75 23600 188800 6992.6
6 5.34 8544 51264 1898.7
9 3.58 5728 51552 1909.3
2 56.19 89904 179808 6659.6
10 4.47 7152 71520 2648.9
6 1.59 2544 15264 565.3

229136 37597.6

* Areas in square inches were measured on map with a scale of 1"=40'
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MOUNDS

ITotal Volume

TABLE E-3
DEBRIS AND SOIL PERCENTAGE

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

10,900 Icubic yards

Classification
Percent by Associated

Vol. Volume
Debris 50% 5,450
Soil 50% 5,450

TOTALS 100% 10,900

REMAINING AREA EXCLUDING MOUNDS

ITotai Volume I 37,600 ICUbiC yards

Classification
Percent by Associated

Vol. Volume
Debris 20% 7,520
Soil 80% 30,080

TOTALS 100% 37,600
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TABLE E·4
CONTAMINATED SEDIMENT VOLUME ESTIMATE

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

AREA AND VOLUME OF SEDIMENT:

Area or Sampling Area Depth Volume Volume
Station (sf) (tt) (cf) (cy)

Intertidal Beach 77,171 2 154,342 5,716
SO-410* 1,824 1 1,824 68

Subtidal
OFF-3 480 1 480 18
OFF-5 1,788 1 1,788 66
OFF-6 1,711 1 1,711 63

TOTALS 82,974 -. 160,145 5,931

* includes only the area outside the eelgrass beds

AREA OF EELGRASS:

Area Depth
Associated Associated

Sampling Station Area Volume Volume
(sf) (tt)

(cf) (cy)

Subtidal SO-41 0** 2,039 1 2,039 76
TOTALS 2,039 1 2,039 76

** includes only the area inside the eelgrass beds
Area is subject to change based on Phase 2 POI data.
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FINAL
Tetra Tech NUS Calculation Sheet
Client: Navy CLEAN I File No. By: RD,PJ Page 1 of 1
Subject: Assumptions and Cost Basis, Checked by: JD Date: July 10, 2002
Soil Alternative 1, OFFTA FS

Soil Alternative 1: No Action

CAPITAL COST ASSUMPTIONS: N/A

O&M COST ASSUMPTIONS: N/A

5·YEAR COST ASSUMPTIONS:

1. 5·year reviews at 200 Level of Effort (LOE) @ $100/hr. Approx. $1500 DOCs. Total =$ 21,500 per
event. Reviews to occur in years 5, 10, 15, 20, 25, and 30.

07/22102 OFFTA-Assump-Soil-1.doc



FINAL
Tetra Tech NUS Calculation Sheet
Client: Navv CLEAN I File No. By: RD, PJ Page 1 of 3
Subject: Assumptions and Cost Basis, Checked by: JD, SSP Date: July 10, 2002
Soil Alternative 2, OFFTA FS

Soil Alternative 2: Removal, Treatment using LITS and Soil Washing, and Backfill

CAPITAL COST ASSUMPTIONS:

1. Pre-Design Investigation (PDI)

PDI consisting of soil borings/cores to further delineate the site and to delineate lateral extent of
contaminants exceeding the PRGs. Assume 20 soil borings at an average 15-foot depth with
associate analytical costs for PAHs, and metals.

Mobilization/demobilization @ $13,500
Sample collection @ $600 each or $12,000
Analytical @ $350/sample for 25 sampies including QAlQC samples or $8750
Data validation $3,200
Reporting @ $3,500
Oversight and management @ $4,500

LITS and Soil Wash Pilot test - No charge, included in subcontract proposal effort.

Total costs approx. =$45,450.

2. Mobilization/Demobilization includes providing office trailers, temporary utilities and sanitary facilities,
delivery and removal of major construction equipment, and providing all other facilities and materials
needed by the management staff.

3. Metal debris and concrete debris will be removed from the site and the shoreline before excavating.

4. Soil and debris will be piled up separately. Any visual contamination on the debris will be washed of
before sending to storage pile. Wash water will be collected in 55-gallon drums and disposed of
accordingly.

5. Excavation, Backfill, and Disposal Work

Approximately 48,500 cy (In place volume) will be excavated as shown in the areal
contamination map. Depth of excavation will be up to the water table or bottom of
contaminated depth interval, whichever reached first

It is assumed that staging areas are available at no cost in the vicinity of OFFTA.

Excavated soil and debris will be staged separately. Debris will be sent to RCRA Landfill (D)
for proper disposal. Because of uncertainty of extent of subsurface contamination, and
most of the treated soil will be used as backfill, it is conservatively assumed that all
excavated soil will be processed through the treatment train. Site will be backfilled with
treated soil supplemented by new fill material.

Treatment train consists of LTTS and soil washing operations. It is assumed that soil
marked for treatment will be free of large debris and aggregates. Excavated volumes (not
including bulking factor) are assumed to be as shown in Table 1. Attachment 1 presents the
amount of soil assumed to be excavated, reused, and disposed assuming 20% bulking
factor. Total debris for Landfill (RCRA-D) disposal assuming 20% bulking factor is estimated
as 15,560 cy. The remaining 42,640 cy (which includes 20% bulking factor) will be treated
and used as backfill.

08/29/02 OFFTA-Assump~Soil-2.doc



FINAL
Tetra Tech NUS Calculation Sheet
Client: Navy CLEAN I File No. By: RD, PJ Page 20f3
Subject: Assumptions and Cost Basis, Checked by: JD, SSP Date: July 10, 2002
Soil Alternative 2, OFFTA FS .

To ensure that there is enough space for the staging of the excavated soil, it is assumed
that the excavation and treatment will be done in 2 phases.. The first phase will consists of
excavation and treatment on the east of OFFTA site and the second phase will consist of
excavation and treatment on the west of OFFTA site.

•
Preparation, maintenance, and removal of the staging area was estimated at a lump sum of
$11,000, which includes 2 laborers and a backhoe for 10 days and misc. materials.

A rip-rap revetment system will be installed along the shoreline to control wave erosion. It is
assumed that engineered erosion control and wave break structure will be placed along the
1,360-foot length of the action area using land-based equipment.

The costs for disposal are as per recent project (Melville Landfill). TSDF disposal (to Model
City, NY) is $120 per ton and RCRA-D disposal for debris is $70 per ton and soil that can be
used as cover is $25/ton (Fall River Landfill). Imported fill is $7 per ton.

Soil wash liquid disposal: POTW disposal is $1.54 /1000 gal (E-2000-33-19-7102).
Transport for 5,000-gal tank for 20 miles - $1.65/mile (E-2000-33-19-0207)

Table 1

Mounds
!Total Volume 10,900 Icy

Classification Percent by Associated
Vol. Volume

Debris 50% 5,450
Soil 50% 5,450

Totals 100% 10,900

Remaining Area Excluding Mounds
ITotal Volume I 37,600 Icy

Classification Percent by Associated
Vol. Volume

Debris 20% 7,520

Soil 80% 30,080
Totals 100% 37,600

Note: The volumes do not Include bulking factor.

O&M COST ASSUMPTIONS:

1. Post-Remediation sampling will be conducted as a part of groundwater alternatives.

08/29/02 OFFTA-Assump-Sail·2.dac



FINAL
Tetra Tech NUS Calculation Sheet
Client: Navy CLEAN I File No. By: RD, PJ Page 3 of 3
Subject: Assumptions and Cost Basis, Checked by: JD, SSP Date: July 10, 2002
Soii Alternative 2, OFFTA FS

5-YEAR COST ASSUMPTIONS:

5-year review at 200 LOE @ $100/hr. Approx. $1500 ODCs. Totai =$ 21,500 per even!. Oniy one
review to occur in year 5.

COST SENSITIVITY:

Cost sensitivity for this alternative was evaluated using the volume of soils to be excavated, treated, and
returned to the excavation. Associated costs with labor, equipment rental, and duration on site were
adjusted accordingly. Remaining costs associated with mobilization, demobilization, set up of work areas,
new storm drains, shoreline protection and predesign costs were presumed to be fixed. Most of these
fixed costs are associated with mobilization and setup of the treatment system at the site. Cost analysis
for changes based on soil voiumes with an increase up to 30% and decrease of to 30% were calculated
and are presented below.

Chanae in Soil Volume Total Caoital Costs Change in Costs
30% increase $17,765,000 25% increase
25% increase $17,166,000 21 % increase
20% increase $16,568,000 17% increase
15% increase $15,969,000 13% increase
10% increase $15,371,000 8% increase
5% increase $14,772,000 4% increase
Cost as estimated $14,174,000
5% decrease $13,575,000 4% decrease
10% decrease $12,977,000 8% decrease
15% decrease $12,378,000 13% decrease
20% decrease $11,780,000 17% decrease
25% decrease $11,182,000 21 % decrease
30% decrease $10,583,000 25% decrease

08/29/02 OFFTA-Assump-Soil-2.doc



CAPITAL COST ESTIMATE FINAL
SOIL ALTERNATIVE 2 - REMOVAL. TREATMENT WITH LTTS AND SOIL WASHING AND BACKFILL

OFFTA FEASIBILITY STUDY

NAVSTANEWPORT

NEWPORT. RHODE ISLAND

UnltCost Extended Cost SUbtotal

Item Subcontract Material Labor E ui ment SUbcontract Material Labor E ui ment Direct Cost Comments Source

1- PRE-DESIGN INVESTIGATION

1.1 Soil borings and analyses

"

$45,450.00 $0.00 $0.00 $0.00 545,450 SO SO SO $45,450 See Assumptions Historical data

2 _MOBILIZATION/DEMOBILIZATION

2.1 MobilizeJdemobiiize equipment 1
"

$7,500.00 SO SO SO $7,500 $7,500 Historical data

2.2 Office trailer 6 me $181.00 SO SO SO $1,086 $1,086 32x8 M98-015-904-0300

2.3 Sanitary faciiities 6 me $120.00 SO SO SO $720 $720 M98-016-420·6410

2.4 Truck scale 6 me $2.862.00 SO SO SO $17,172 $17,172 E98-3304·0462

2.5 Site survey/construction layout 5.5 acres $45.00 $445.00 '0 $248 $2,448 SO $2,695 M98-013-306-0320

2.6 Electric/phone hookups 1
"

$2,000.00 $2,000 SO SO SO $2,000 Utilities. nearby Historical data

2.7 Project closeout report 1 " $10,000.00 SO SO $10,000 SO $10.000 Historical data

3· SITE PREPARATION

3.1 Clear and grub site· minimal 5.5 acres $980.00 $2.700.00 '0 SO $5,390 $14,850 $20,240 M98-021-104-0160

3.2 lnstall!remove sill fence 3000 , $0.45 $0.42 SO $1.350 $1,260 '0 52,610
perimeter of exav areas 1 and 2

M98-022-704-1000 -labor twice

3.3 Construct diversion dikes/channels 2000 , SO SO SO SO SO M98-022-702-0010
34 Construct temporary sedimenl

BOO $4.85 $5.60 SO SO $3,880 $4,480 58,360 T. Riley. basinlveaetalelbackfill 9'
3.5 Truck decon. pad

a) Concrete pad. 8" 40 oy $70.00 $125.00 $5.00 SO 52,800 $5,000 $200 $8,000 Historical data

b) Gravel base - 6" 30 oy $7.50 $3.33 $8.00 SO $225 $100 $240 S565 Historical data

c) Curb 120 , $3.07 $1.99 $0.05 SO 5368 $239 56 $613 Historical data

d) Collection sump 1
"

$1,450.00 $SOO.OO $220.00 SO $1,450 SSOO $220 $2,170 Historical data

e) Splash guard 780 " $1.25 $1.00 SO $975 $780 SO $1,755 Historical data

3.6 Construction enlrance 1
"

5620.00 $86.00 $50.00 SO $620 SB6 SSO $7B6 NovaChemical

3.7 Construct soil staging area

"

$11,000 SO $11,000 SO SO $11,000 30 mil poly sheeting. straw bales M98-022-706-0100

SO% of const cost - includes 6
Historical data

3.8 Maintain soil staging area " $5,500.00 $0.00 $0.00 SO $5,500 SO SO $5,500 mil poly to cover piles.Daily

3.9 Remove decontamination pad
"

$250.00 $500.00 SO SO $2SO 'SOO $7SO Historical data
Decontamination pad, slirtence

C&D Debris Historical data3.10 disposal 150 too $10.00 $1.S00 SO SO SO $1,500
3 1 Personnell and equipment decon.

• facilities and services

a} Personnel decon. Trailer 6 me $1.500.00 $0.00 $200.00 $0.00 $9,000 $0 $1,200 SO $10,200 Vendor catalog

b) PPE rolloff conI. 6 me 5S00.00 $0.00 50.00 $0.00 $3,000 SO SO SO $3,000 Historical data

4· SITE MANAGEMENT STAFFING

4.1 Site manager 480 he $0.00 $0.00 $36.00 $0.00 SO SO $17,280 SO $17,280 Historical data

4.2 Site engineer 960 he $0.00 50.00 $32.00 $0.00 SO SO $30,720 SO $30,720 Historical data

4.3 Site supervIsor/foreman 960 he $0.00 50.00 $30.00 $0.00 SO $0 $28,800 SO $28,800 Historical data

4.4 Site safety officer 960 he $0.00 $0.00 $25.00 SO.OO SO $0 $24,000 SO $24,000 Historical data
5 - HOME OFFICE PROJECT
MANAGEMENT AND SUPPORT

5.1 Project manager 96 he $0.00 $0.00 $45.00 $0.00 SO SO $4,320 SO $4,320 Historical data

5.2 Project administrator 180 he $0.00 SO.OO $30.00 $0.00 SO SO $5,400 SO $5,400 Historical data

5.3 Health and safety director 60 he $0,00 $0.00 $35.00 SO.OO SO SO $2,100 SO $2,100 Historical data

5.4 ProcuremenVsubcontracting 240 he $0.00 $0.00 $30.00 $0.00 SO SO $7,200 '0 $7,200 Historical data

5.5 Clerical support 240 he $0.00 $0.00 $12.50 $0.00 SO SO $3,000 SO $3,000 Historical data

1/3 OFFTA·CosIEsl·So~·2.xls



CAPITAL COST ESTIMATE FINAL
SOIL ALTERNATIVE 2· REMOVAL, TREATMENT WITH LTTS AND SOIL WASHING AND BACKFILL

OFFTA FEASIBILITY STUDY

NAVSTA NEWPORT

NEWPORT, RHODE ISLAND

Unit Cost Extended Cosl SUbtotal

Item Subcontract Material Labor E ui ment Subcontract Material labor E ui menl Direcl Cost Comments Source

6· EXCAVATION
6 1 ExcavateJIoad malerial (Includes 20 %

58200 $O.4S $1.16 " SO $28,144 $67,767 $95,911
level C PPE

M98-022-238-1300· bulking factor) "6.2 Segregate material with FlO 80 day $100.00 $100.00 " SO $8,000 58,000 $16,000 laborer and Equipment Historical data

6.3 Haul material to for stockpiling 58200 'Y SO.37 52.15 " SO $21,534 $125,130 $146,664 M9S-022-266-2040

6.4 Dumpistockpne materia! 58200 'y 50.44 $1.04 " SO $25,317 $60.383 $85,700 M9S-022-266-1600

65 Stockpiled malerial sampling/analysls-
388 $100.00 $32,980 SO $38.800 " $71,780

TPH, Paint Filter Test
BOA: E98-3302-1750· 1/150 cy " $85.00

66 Stockpiled material sampling/analysis- TCLP, VOC, SVOC, Pb, pH,
· 1/500 C'/ 116 " $1,050.00 $200.00 $122,220 SO $23,280 " $145.500 reactivity, ignitability BOA

EXcavatIOn conhrmalory
TPH6.7 sampling/analysis 380 " $60.00 $100.00 522,800 SO $38,000 '0 $60,800 BOA

Excavation confirmatory
TCLP, SVOCs, Melals

6.8 sampling/analysis 95 " 5500.00 $100.00 $47,500 SO $9,500 '0 $57,000 BOA
6.9 Trench Box 6 "" $1,500.00 '0 SO SO $9,000 $9,000 6' x 20' M98-016-420-7040

6.1 Replace storm drains 550 LF $10.60 $4.47 SO.88 '0 S5,830 $2,459 $484 $8,773 18 10 RCP Drain M98-027-150·2230

7· DEWATER EXCAVATIONS

7.1 4·inch trash pump 6 "" $840.00 $840.00 '0 SO $5,040 $5,040 $10,080 M98-016-42IJ.5600

7.2 20,000 gallon temporary storage lank 6 "" $1,219.00 'A SO SO 57.314 $7,314 E98·1904-0406

7 3 Pump out tanks with 5,000 gallon
6 $1,500.00 $3,000.00 SO SO $9,000 $18,000 $27,000 M98-016·42IJ.7625· tanker truck ""7 4 Transportation· 5,000 -gal tanker for 10 miles for 5000 gal tank-

· 10 miles 80 lao", $16.50 $1,320 SO SO SO $1,320 $1.6S/mile- one tank/day E-2000-33-19·0207

7.5 Disposal of excavation water 400 kgal $1.54 $616 SO $0 SO 5616 $1.54/kgal E-2000-33197102
8 - TREATMENT OF CONTAMINATED
MATERIAL

8.1 l ns equJpment mobilization 1
"

$512,500 $512,500 '0 SO SO $512,500 For unit to treat 50,000 tons E·2000-33140224

8.2 LnS treatment 63960 100 $30.75 $1,966,770 SO SO $0 $1,966,770 E-200IJ.33140233

8.3 Carbon unit for offgas 1
"

$8,429.00 $6,429 SO SO SO $8,429 dual bed E-2000-33131921

8.4 Soil washing unit 6 "" $127,305 5763,830 '0 SO SO $763,830 100 tonlhr unit E·200IJ.33130924

4·months, 20 dayfmo, 10hrlday
8.5 Operating labor 1200 he 5664.77 $797,724 SO SO $0 $797,724 and 50% more for fe-pass. E·200D-33130929

Acid at 10 units of 750 Ibs/day

8.6 Materials 120 day 5904.10 5108,492 SO SO SO 5108,492 and 50% more for fe-pass E-2000-33330110
87 T&D nonhazardous material-debris

23340 100 570.00 51,633,800 SO $0 SO $1,633,800
Fall River Landfill

Vendor Quale• (RCRA landfill·D)
88 Pump out tanks with 6,000 gallon

6 $1,500.00 $3,000.00 SO SO $9,000 $18,000 $27,000
4·months, 20 dayfmo, 10hr/day

E·200IJ.33130929· tanker truck (washwaler) ""8.9 Disposal of washwater 1080 kgal $1.54 $1,663 '0 SO SO $1,663 51.54/kgal E·2000-33197102

810 Transportation - 5,000 ·gal tanker for 10 miles for 5000 gal tank-
· 10 miles 216 loads 516.50 53,564 '0 SO SO $3,564 51.6S/mile E·2000-33-19-0207

811 Treated soil confirmalory
388 560.00 $100.00 $23,280 SO 536,800 SO $62,080 TPH BOA· sampling/analvsis (1f150 yds) "a 12 Treated soil confirmatory
38B " $500.00 5100.00 5194,000 'A $38.800 SO $232,800 TCLP, SVOCs, Metals BOA· sampling/analYSis (1115Oyds\

8.13 Air Pollution Permit 180 he $0.00 50.00 $30.00 50.00 SO '0 55,400 SO $5,400 Historical data Historical data

8.14 Reactivation of spent carbon 4000 Ib 52.05 $8,200 '0 SO SO 58,200
Reactivation of 2000 lb carbon

Historical data

9· RESTORATION

9.1 Import clean fill 2480 'Y 510.50 SO $26,040 SO SO $26,040 Regualr fill Foster Wheeler

9.2 Placefgrade fill 45120 cy $0.30 $0.83 SO '0 513,536 $37,450 $50,986 no compaction Historical data
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CAPITAL COST ESTIMATE

SOIL ALTERNATIVE 2 - REMOVAL, TREATMENTWlTH LTISAND SOIL WASHING AND BACKFILL

OFFTA FEASIBILITY STUDY

NAVSTA NEWPORT

NEWPORT, RHODE ISLAND

FINAL

Jlem

9.3 Import/place/grade topsoil

9.4 Revegetation

9.5 Shorline riprap placement

10.3 Construction (2·man crew)

10.4 2·inch PVC well Screen

3900 oy

230 =f
1512 SY

100 ft

100 ft

1 day

60 ft

SUbtotal

Direct Cost Comments

558.188 6 inches

utilily mix. 7#/msf. hydroseed wi
$9,741 mulch

$98,280

5457

5841

Source

M98-022-216-7020

M98-029-30B-5400

Historical data

ECHOS200Q.hlabk·1 OPERATOR, 1

SEMISKILLED LABOR
ECHOS 200Q.33 23 0201

Subtotal

Overhead on labor Cost@ 30%

G&AonLaborCost@ 10%

G&AonMaleriaICost@ 10%

G&AonSubcontraclCost@ 10%

Total DIrect Cost

Indirects on Total Direct Labor Cost@ 75%

Profit on Total Direct Cost@ 10%

Subtotal

Heatlh & Safety Monitoring@ 6%

Cost adjustment for localion@ 7%

Total Field Cost

Contingency on Total Field Cost@ 25%

Engineering on Total Field Cost@ 6%

TOTAL COST

Notes
G & A· General and AdminIstrative
ODC - Other Direct Costs

References used for cost estimates:

1) Means Heavy Construction Cosl Data, 2000, R.S. Means Co., Inc., Kingston, MA
2) Echos Environmental Remediation Unit Cost ,2000. 6th Annual Edilion, Delta Technologies Group, Inc., Englewood, CO
3) Echos Environmental Remediation Assemblies Cost, 1998. 4th Annual Edition, Delta Technologies Group, Inc.• Englewood, CO
4) Historical data based on competitive bids submilled by subcontractors or actual costs at this or other sites.

313

$7,410,198

$142.067

547,356

511,930

$640.938

$8.252,487

$497,234

5825,249

$9,574,970

$574498

$670248

$10,819,716

$2,704,929

$649,183

$14,173,828

$14,174,000

OFFTA·C<:>sIEsl-Soil·2.lds



Present Worth Analysis
Soil Alternative 2 - Removal, Treatment with LITS and Soil Washing, and Backfill

OFFTA Feasibility Study

NAVSTA Newport
Newport, Rhode Island

07110102

PRESENT WORTH ANALYSIS

PRESENT CAPITAL O&M 5-YEAR PRESENT
YEAR WORTH COSTS COSTS COSTS WORTH

FACTOR
(i = 3.9%)

0 1.000 $14,174,000 $14,174,000
1 0.962 $0 $0
2 0.926 $0 $0
3 0.892 $0 $0
4 0.858 $0 $0
5 0.826 $0 $21,500 $17,757
6 0.795 $0 $0
7 0.765 $0 $0
8 0.736 $0 $0
9 0.709 $0 $0
10 0.682 $0 $0 $0
11 0.656 $0 $0
12 0.632 $0 $0
13 0.608 $0 $0
14 0.585 $0 $0
15 0.563 $0 $0 $0
16 0.542 $0 $0
17 0.522 $0 $0
18 0.502 $0 $0
19 0.483 $0 $0
20 0.465 $0 $0 $0
21 0.448 $0 $0
22 0.431 $0 $0
23 0.415 $0 $0
24 0.399 $0 $0
25 0.384 $0 $0 $0
26 0.370 $0 $0
27 0.356 $0 $0
28 0.343 $0 $0
29 0.330 $0 $0
30 0.317 $0 $0 $0

TOTAL PRESENT WORTH - $14,191,757
$14,192,000

Discount rate of 3.9% as per Office of Management and Budget, Circular No. A-94,

FINAL

7/10/2002 OFFTA-PW-Soil-2.xls



FINAL
Tetra Tech NUS Calculation Sheet
Client: Naw CLEAN I File No. By: RD, PJ Paae 10f 3
Subject: Assumptions and Cost Basis, Checked by: JD, SSP Date: Juiy 10, 2002
Soil Alternative 3, OFFTA FS

Soil Alternative 3: Removal and Disposal at TSDF

CAPITAL COST ASSUMPTIONS:

1. Pre-Design Investigation (PDI)

PDI consisting of soil borings/cores advanced to further delineate the site and to delineate lateral
extent of contaminants exceeding the PRGs. Assume 20 soil borings at an average 15-foot
depth with associate analytical costs for PAHs, and metals.

Mobilization/demobilization @ $13,500
Sample collection @ $600 each or $12,000
Analytical @ $350/sample for 25 samples including QA/QC samples or $8750
Data validation $3,200
Reporting @ $3,500
Oversight and management @ $4,500

Total costs approx. =$45,450

2. Mobilization/Demobilization includes providing office trailers, temporary utilities and sanitary facilities,
delivery and removal of major construction equipment, and providing all other facilities and materials
needed by the management staff.

3. Metal debris and concrete debris will be removed from the site and the shoreline before excavating.

4. Soil and debris will be piled up separately. Any visual contamination on the debris will be washed of
before sending to storage pile. Wash water will be collected in 55-gallon drums and disposed of
accordingly.

5. Excavation, Backfill and Disposal Work

Approximately 48,500 cy (In place volume) will be excavated as shown in the areal
contamination map. Depth of excavation will be up to the water table or bottom of
contaminated depth interval, whichever reached first.

It is assumed that staging areas are available at no cost in the vicinity of OFFTA.

Excavated soil and debris will be staged separately. It is assumed that 90% of the
excavated soil can be disposed of at solid waste landfill (RCRA - D) and can be used as
landfill cover material. Soil requiring treatment (10%) at TSDF will be staged separately.
Debris will also be disposed of at solid waste landfill (RCRA - D). Because of uncertainty of
the extent of subsurface contamination, and to eliminate any potential contamination,
excavated areas will be backfilled with new fill material. Material for landfill disposal will be as
follows: Soil for landfill cover-48,OOO tons, Soil for TSDF - 5,300 tons, Debris for RCRA-D
landfill-19,450 tons.

Excavated volumes (not including bulking factor) are assumed to be as shown in Table 1.
Attachment 1 presents the amount of soil assumed to be excavated and disposed
assuming 20% bulking factor. Total debris for Landfill (RCRA-D) disposal assuming 20%
bulking factor is estimated as 15,560 cy. Out of 42,640 cy of soil (which includes 20%
bulking factor), 38,400 cy will be disposed at solid waste landfill (RCRA -D) and the
remaining (4,240 cy) will be sent to TSDF for treatment and disposal.
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FINAL
Tetra Tech NUS Calculation Sheet
Client: Navy CLEAN I File No. By: RD, PJ Page 2 of 3
Subject: Assumptions and Cost Basis, Checked by: JD, SSP Date: July 10, 2002
Soil Alternative 3, OFFTA FS

A rip-rap revetment system will be installed along the shoreline to control wave erosion. It is
assumed that 10-foot wide layer of rip-rap will be placed along the 1,360-foot length of the
action area using land-based equipment.

Preparation, maintenance, and removal of the staging area was estimated at a lump sum of
$11,000, which includes 2 laborers and a backhoe for 10 days and misc. materials.

The costs for disposal are as per recent project (Melville Landfill). TSDF disposal (to Model
City, NY) is $120 per ton and RCRA-D disposal is $70 per ton for debris and $25 per ton for
soil that can be used as cover (Fall River Landfill). Imported fill is $7 per ton.

Table 1

Mounds
ITotal Volume 10,900 Icy

Classification Percent by Associated
Vol. Volume

Debris 50% 5,450
Soil 50% 5,450

Totals 100% 10,900

Remaining Area Excluding Mounds
ITotal Volume I 37,600 Icy

Classification Percent by Associated
Vol. Volume

Debris 20% 7,520

Soil 80% 30,080
Totals 100% 37,600

Note. The volumes do not Include bulking factor.

O&M COST ASSUMPTIONS:

1. Post-Remediation Groundwater Sampling will not be conducted as part of this alternative. O&M costs
for groundwater are described in the groundwater alternatives and cost estimates.

5·YEAR COST ASSUMPTIONS:

1. 5-year review in year 5 at 200 LOE @ $100/hr. Approx. $1500 ODCs. Total =$ 21,500 per event.
Review to occur in year 5.

07/22102 OFFTA-Assump-Soil-3.doc



FINAL
Tetra Tech NUS Calculation Sheet
Client: Navy CLEAN I File No. Sy: RD, PJ Page 3 of 3
Subject: Assumptions and Cost Basis, Checked by: JD, SSP Date: July 10, 2002
Soil Alternative 3, OFFTA FS

COST SENSITIVITY:

Cost sensitivity for this alternative was evaluated using the voiume of soils to be excavated, stockpiled,
transported off site, disposed of, and replaced with clean fill. Ass6ciated costs for labor, equipment rental,
and duration on site were adjusted accordingly. Remaining costs associated with mobilization,
demobilization, set up of work areas, site restoration, new storm drains, shoreline protection and
predesign were presumed to be fixed. Cost analysis for changes based on soil volumes with an increase
up to 30% and decrease of to 30% were calculated and are presented below.

Change in Soil Volume Total CaDital Costs Change in Costs
30% increase $12,389,000 27% increase
25% increase $11,946,000 23% increase
20% increase $11,503,000 18% increase
15 % increase $11,061,000 14% increase
10 % increase $10,618,000 9% increase
5 % increase $10,175,000 5% increase
Cost as estimated $9,733,000
5% decrease $9,290,000 5% decrease
10% decrease $8,847,000 9% decrease
15% decrease $8,405,000 14% decrease
20% decrease $7,962,000 18% decrease
25% decrease $7,519,000 23% decrease
30% decrease $7,077,000 27% decrease

07/22102 OFFTA-Assump-Soil-3.doc



CAPITAL COST ESTIMATE FINAL
SOil ALTERNATIVE 3. REMOVAL AND TSDF DISPOSAL
OFFTA FEASIBiliTY STUDY
NAVSTA NEWPORT
NEWPORT, RHODE ISlAND

UnitCosl Extended Cost

Item Subcontract Material labor E ui ment Subcontract Material labor Source

1· PRE·DESIGN INVESTtGATION

1.1 Soil borings and analyses I, $45,450.00 $0.00 $0.00 $0.00 $45,450 SO SO SO $45,450 See Assumptions Historical data

2· MOBILIZATIONIDEMOBILIZATION

2.1 Mobilize/demobilize egulpment 1 I, $7,500.00 SO SO SO $7,500 $7,500 Historical data

2.2 Office trailer 4 mo $181.00 SO SO SO $724 $724 32x8 M98-015-904-03oo

2.3 Sanitary facilities 4 mo $120.00 SO SO SO $480 5400 M98-016-42o-6410

2.4 Truck scale 4 mo $2,862,00 SO SO SO $11,448 $11,448 E98-3304-0462

2.5 Site survey/construction layout 5.5 acres $45.00 $445.00 SO $248 $2,448 $0 $2,695 M98-013-306-0320

2.6 Electric/phone hookups 1 " $2,000.00 $2,000 SO $0 $0 $2,000 Ulilllies nearby Historical data

2.7 ProJectcloseoutrepori 1 " $10,000.00 SO SO $10,000 SO $10,000 Historical data

3. SITE PREPARATtON

3.1 Clear and grub site- minimal 5.5 acres $980.00 $2,700.00 SO SO $5,390 $14,850 $20.240 M98-021.104·0160

3.2 InstalUremove silt fence 3000 " $0.45 $0.42 SO $1,350 $1,260 '0 $2,610 perimeter or exav areas 1 and 2 M98-022-704-1000 -labor twice

3.3 Construct diversion dikes/channels 2000 " SO SO $0 $0 SO M98-022_702_oo10

3.4 Construct temporary sediment basIn/vegetate/backfill 800 9' $4.85 $5.60 SO SO $3,880 $4,480 $8,360 T.Rlley

3.5 Truckdecon. pad

al Concrete pad· 8" 40 " $70.00 $125.00 $5,00 SO $2,800 $5,000 $200 $8,000 HIslOrical data

bl Gravel base- 6" 30 9' $7.50 $3.33 $8.00 SO S225 $100 $240 5565 Historical data

c) Curb 120 " $3.07 $1.99 $0.05 SO $368 $239 56 $613 Historical data

dl Collection sump 1 I, $1,450.00 $500.00 $220.00 SO $1,450 $500 S220 $2,170 Historical data

el Splash guard 780 'f $1.25 $1.00 SO $975 $760 SO $1.755 Historical data

3.6 Construction entrance 1 I, 5620.00 568.00 $50.00 SO $620 S65 $50 $756 NovaChemical

3.7 Constructsoil staging area 1 I, $11,000.00 SO $11,000 SO SO $11.000 30 mit poly sheeting, straw bales M98-022_706-01oo
50% of const cost-includes 6 mil

3.6 Maintain soli Stagin9 area 1 I, $5,500.00 $0.00 $0.00 $0 $5,500 SO SO $5,500 poly to cover plies daily Historical data

3.9 Remove decontamlnallon pad 1 " $250.00 $500.00 $0 SO $250 $500 $750 Historical data

3.10 Decontamination pad, slit fence disposal 150 too $10.00 $1.500 SO SO SO $1,500 C&O DebriS Historical data

3.11 Personnell and equipmentdecon. facllilles and services

al Personnel decon. Trailer 4 mo $1,500.00 $0.00 $200.00 $0.00 $6.000 SO $800 SO $6,800 Venoorcatalog

b) PPE rolloff conI, 4 mo $500.00 $0.00 50.00 $0.00 $2,000 SO SO SO $2,000 Historical data

4.5lTE MANAGEMENT STAFFING

4.1 Site manager 320 "' $0.00 $0.00 $38.00 $0.00 SO $0 511,520 SO $11,520 HlslOrical data

4.2 Site engineer 640 he 50.00 $0.00 $32.00 $0.00 SO SO $20,480 SO $20,480 Historical data

4.3 Site supervisor/foreman 640 "' $0.00 $0.00 $30.00 50.00 SO SO 519,200 $0 519.200 Hisoorical data

4,4 Site safety officer 640 he $0.00 $0.00 $25.00 $0.00 SO SO 516,000 SO $16,000 Historical data

5. HOME OFFICE PROJECT MANAGEMENT AND SUPPORT

5.1 ProJect manager 64 he $0.00 $0.00 $45.00 $0.00 SO SO $2,880 SO $2,880 Historical data

5.2 Project administrator 120 he $0.00 $0.00 $30.00 $0.00 SO SO $3,600 SO 53,600 Historical data

5.3 Health and safety director 40 he 50.00 $0.00 535.00 $0.00 SO SO $1.400 SO $1.400 Historical data

5.4 ProcuremenVsubcontracting 160 he $0.00 $0.00 $30.00 $0.00 SO SO $4,800 SO $4,800 Historical data

5.5 Clerical supPOrt 160 he $0.00 $0.00 $12.50 $0.00 SO SO $2,000 SO $2,000 Historical data

i·EXCAVATtON
8.1 Excavatel!oad material (Includes 20 % bulking factorl 58200 9' $0.48 51.16 SO SO $28,144 $67,767 595,911 levele PPE M98-022-238-13OO

6.2 Segregale material with FlO 60 day $100.00 $100.00 $0 SO $6,000 $8,000 $16,000 Laborer and EquIpment Historical data

6.3 HaUl material to for stockpiling 58200 9' $0.37 $2.15 SO SO $21,534 $125,130 5146,654 M9B-022-26B.2040

6.4 Dump/stockpile material 58200 9' $0.44 51.04 SO SO 525,317 $60,383 $85,700 M98-022-266-16oo

6.5 Stockpiled material sampling/analysis .1/150 cy 365 " $65.00 5100.00 $32,980 $0 538,800 $0 571.760 TPH, Paint Filter Test BOA; E98-3302-1750
6.6 Stockpiled material sampling/analysis -1/500 cy 116 " $1,050.00 5200.00 $122,220 SO $23,280 $0 $145,500 TClP, VDC, SVOC, Pb, pH,

reacti'iity,lgnilabilily BOA

6.7 excavatiOn confirmatory sampling/analysis 380 " $60.00 5100.00 522.800 SO $38,000 $0 $60,600 TPH BOA

6.8 Excavation CQnfirmatory sampling/analysis 95 " $500.00 $100.00 $47,500 SO $9,500 $0 $57,000 TClP, SVOCs, Metals BOA

6.9 Trench Box 4 mo 51.500.00 SO $0 $0 $6.000 56,000 6' x 20' M98-016-42C-7040

6.1 Replace storm draIns 550 LF 510.60 $4.47 $0.68 SO 55.830 52,459 5484 $8,773 18 10 RCP Drain M98-027_15C-2230
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CAPITAL COST ESTIMATE FINAL
SOIL ALTERNATIVE 3· REMOVAL AND TSDF DISPOSAL
OFFTA FEASIBILITY STUDY
NAVSTANEWPORT
NEWPORT, RHODE ISLAND

Unit Cost Extended Cost
Item Subcontract Material Labor E UT ment Subcontract Material Labor Source

7· DEWATER EXCAVATIONS

7.14-inchtrashpump mo $840.00 5840.00 SO $0 $3,360 $3,360 $6,720 M98-016-42D-5600

7.2 20,000 gallon temporary storage tank mo $1.219.00 SO SO SO 54.876 54,876 E98-1904-0406

7.3 Pump out tanks with 5,000 gallon tanker truck mo 51,500.00 53,000.00 $0 $0 56,000 512.000 $18,000 M98-016-42D-7625
10 miles for 5000 gal tank-

7.4 Transportation· 5,000 -gal tanker for 10 miles SO .0" 516.50 $1,320 SO SO SO $1,320 $1.65/mile- one tank/day E-2QOO..33-19-0207

8· trJiJ~M~w-~ug.!Of~'KsAL-orC"O~IA~IRMeO
400 kgal 51.54 5616 SO $0 SO $616 51.54!kgal E-2000-33197102

MATERIAL
8.1 Load nonhazardous material Into \nicks 53960 " 50.19 $0.28 $0 SO 510,252 515.109 $25,361 M98-022-216-4070

8.2 Load hazardous material into trucks 4240 'Y 50.28 $0.35 $0 $0 51,168 51.464 $2,652 Level C PPE M98-022-216-4070'" PPE mlu

8 days 10 load maU; 500 cy per day E98-3302·
8.3 Level C PPE (4-man field crew) 32 mday 534.54 $0 $1,105 SO SO $1,105 04061040210423104251042910449

8.4 T&D nonhazardous material- debrles (RCRAlandfilI-D\ 23340 "0 $70.00 $1,633.800 $0 SO SO $1,633,800 FallRiver Landfill VenoorQuote

8.5 T&D hazardous material (RCRA Landfill-C) 6360 "0 $120.00 $763,200 SO SO SO $763,200 Model CUy, NY -1.5 loflSlcubic yard Foster Wheeler

8.6 T&D nonhazardous soil cover (RCM landfill-OJ 57600 "0 $25.00 $1,440,000 SO SO SO $1,440,000 FallRlver Landfill VenoorQuote
9. RESTORATION

9.1 lmporlcleanfill 45120 'Y $10.50 $0 $473,760 SO SO $473,760 Regular fill Foster Wheeler
9.2 Placefgrade fill 45120 'Y $0.30 50.83 SO SO $13.536 $37,450 $50,986 no compaction HIstorical data
9.3 ImPOrtiplacefgrade topSOil 3900 'Y $14.00 $0.23 50.69 SO $54,600 $897 $2,691 $58,188 6 Inches M98-022-216-7020

utility mix, 7#/msf, hydroseed wi
9.4 Revegetation 230 m" $28.00 $7.00 $7.35 SO $6,440 $1,610 $1,691 $9,741 mulch M98-029-308-5400
9.5 Shorllne rlprap placement 1512 SY $65.00 $0.00 $0.00 $0.00 $98,280 SO SO SO $98,280 Historical data

10. NEW MONITORING WELLS (4)

10.1 Hollow-stem auger 100 ft $24.87 SO SO $2,487 SO $2,487 Four wells each at 25' depth Echos2QOO..33 23 1101

NPTC Master A9reement, Cherry
10.2 2-inch PVC well casing 100 ft $10.08 SO $1,008 SO SO $1,008 Point

ECHOS2000-hlabk-10PERATOR,1
10.3 Construcllon (2·man crew) 1 day $456.80 $457 SO SO SO 5457 SEMISKILLED LABOR

10.4 2-inch PVC well Screen 60 ft $14.02 SO $841 SO SO $841 ECHOS 2000-33 23 0201

Subtotal $4,220,123 S568,120 $346,956 $387,121 $5,522,320

Overhead on Labor Cost@ 30% $104,087 $104,087
G &Aon laoorCost@ 10% $34,696 $34,696

G&AonMateriaICost@10% $56,812 $56,812
G&AonSUbcontractCost@10% $422,012 $42.2,012

Total Direct Cost $4.642,135 $624,932 $485,739 $387,121 $6,139,927

Indirects on Total DIrect Labor Cost@ 75% $364,304 $384,304
Profit on Total Direct Cost@ 10% $613.993

Subtotal $7,118,224

Heallh & Safety Monltorlng@ 6% $427,093
Cost adjustment for rocallon@ 7% $496,276

Total Field Cost $8,043,593

Conllngencyon Total Field Cost@ 15% $1.206,539
Engineering on Total Field Cost@ 6% $482.616

TOTAL COST

!lI2712OO2 213

$9,732,748

$9,733,000
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CAPITAL COST ESTIMATE
SOIL ALTERNATIVE 3. REMOVAL AND TSDF DISPOSAL
OFFTA FEASIBILITY STUDY
NAVSTANEWPORT
NEWPORT, RHODE ISLAND

FINAL

llem
Notes
G &A- General and AdminislraUve
ODC - Other Din~<:t Costs

References used for <:ost esUmates:

SUbcontract
Unit Cost

Material labor E ul ment Subcontra<:t
Extended Cost
Malerlal Labor E ul ment Source

1} Means HeavyConstrucUon Cost Data, 2000, R.S. Means Co., Inc., Klngston, MA
2} Echos Environmental Remediation Unit Cost ,:1.000, 6th Annual EdWon, Delta Technologies Group, [nc., Englewood, CO
3} Echos Environmental Remediation Assemblies Cost, 1998, 4th Annual Edition. Delta Te<:hnologies Group, Inc., Englewood, CO
4} Historical data based on competitive bids submitted by subcontractors or a<:wal costs at this or other sites.
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Present Worth Analysis
Soil Alternative 3 • Removal and Disposal at TSDF
OFFTA Feasibility Study
NAVSTA Newport
Newport, Rhode Island
07/10/02

PRESENT WORTH ANALYSIS

PRESENT CAPITAL O&M 5-YEAR PRESENT
YEAR WORTH COSTS COSTS COSTS WORTH

FACTOR
(i = 3.9%)

0 1.000 $9,733,000 $9,733,000
1 0.962 $0 $0
2 0.926 $0 $0
3 0.892 $0 $0
4 0.858 $0 $0
5 0.826 $0 $21,500 $17,757
6 0.795 $0 $0
7 0.765 $0 $0
8 0.736 $0 $0
9 0.709 $0 $0
10 0.682 $0 $0 $0
11 0.656 $0 $0
12 0.632 $0 $0
13 0.608 $0 $0
14 0.585 $0 $0
15 0.563 $0 $0 $0
16 0.542 $0 $0
17 0.522 $0 $0
18 0.502 $0 $0
19 0.483 $0 $0
20 0.465 $0 $0 $0
21 0.448 $0 $0
22 0.431 $0 $0
23 0.415 $0 $0
24 0.399 $0 $0
25 0.384 $0 $0 $0
26 0.370 $0 $0
27 0.356 $0 $0
28 0.343 $0 $0
29 0.330 $0 $0
30 0.317 $0 $0 $0

TOTAL PRESENT WORTH - $9,750,757
$9,751,000

Discount rate of 3.9% as per Office of Management and Budget, Circular No. A-94,

FINAL
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FINAL
Tetra Tech NUS Calculation Sheet
Client: Navy CLEAN I File No. Bv: RD, PJ Page 1 of 1
Subject: Assumptions and Cost Basis, Checked by: JD Date: July 17, 2002
Groundwater Alternative 1, OFFTA FS

Groundwater Alternative 1: No Action

CAPITAL COST ASSUMPTIONS: N/A

O&M COST ASSUMPTIONS: N/A

5-YEAR COST ASSUMPTIONS:

1. 5-year reviews at 200 Level of Effort (LOE) @ $100/hr. Approx. $1500 ODCs. Total =$ 21,500 per
event. Reviews to occur in years 5, 10, 15, 20, 25, and 30.

07/22102 OFFTA-Assump-GW-1.doc



Present Worth Analysis

Groundwater Alternative 1 - No Action
OFFTA Feasibility Study

NAVSTA Newport

Newport, Rhode Island
07117102

PRESENT WORTH ANALYSIS

PRESENT CAPITAL O&M 5-YEAR PRESENT
YEAR WORTH COSTS COSTS COSTS WORTH

FACTOR
(i =3.9%)

0 1.000 $0 $0
1 0.962 $0 $0
2 0.926 $0 $0
3 0.892 $0 $0
4 0.858 $0 $0
5 0.826 $0 $21,500 $17,757
6 0.795 $0 $0
7 0.765 $0 $0
8 0.736 $0 $0
9 0.709 $0 $0

10 0.682 $0 $21,500 $14,665
11 0.656 $0 $0
12 0.632 $0 $0
13 0.608 $0 $0
14 0.585 $0 $0
15 0.563 $0 $21,500 $12,112
16 0.542 $0 $0
17 0.522 $0 $0
18 0.502 $0 $0
19 0.483 $0 $0
20 0.465 $0 $21,500 $10,003
21 0.448 $0 $0
22 0.431 $0 $0
23 0.415 $0 $0
24 0.399 $0 $0
25 0.384 $0 $21,500 $8,261
26 0.370 $0 $0
27 0.356 $0 $0
28 0.343 $0 $0
29 0.330 $0 $0
30 0.317 $0 $21,500 $6,823

I
TOTAL PRESENT WORTH = $69,621 I

$70,000

Discount rate of 3.9% as per Office of Management and Budget, Circular No. A-94,

8/27/2002

FINAL

OFFTAwpW-GW-1.xls



FINAL
Tetra Tech NUS Calculation Sheet
Client: Naw CLEAN I File No. Bv: RD, PJ Page 1 of 3
Subject: Assumptions and Cost Basis, Checked by: JD, SSP Date: July 17, 2002
Groundwater Alternative 2, OFFTA FS

Groundwater Alternative 2: Limited Action

CAPITAL COST ASSUMPTIONS:

1. Groundwater Use Restrictions

Assume 500 hours Level of Effort (LOE) @ $100/hr to implement. Approx. $2500 ODCs.
Total =$52,500,

O&M COST ASSUMPTIONS:

1, Sampling for long-term monitoring will be conducted at 13 wells annually for years 1-5 and every five
years thereafter. A total of 16 samples will be collected at each event and will be analyzed for ORO,
GRO, SVOCs, and metals. Analysis costs will be $822.42 for each sample
($86.25+97.75+348.75+289.67 = $822.42. Source: Recent analysis cost, E-2000-33021619,
33021621), Sampling effort will be at 200 Level of Effort (LOE) @$100/hr. Total cost for event:
$33,159.

2, Annual report to RIDEM for use restriction monitoring will be 100 Level of Effort (LOE) @ $100/hr to
implement. Approx. $1000 ODCs. Total =$11,000.

5-YEAR COST ASSUMPTIONS:

1. 5-year review at 200 LOE @ $100/hr. Approx. $1500 ODCs. Total =$ 21,500 per event. Reviews to
occur in years 5, 10, 15, 20, 25, and 30,

07/22/02 OFFTA-Assump-GW-2.doc



Present Worth Analysis

Groundwater Alternative 2 - Limited Action

OFFTA Feasibility Study
NAVSTA Newport

Newport, Rhode Island

07/17/02

PRESENT WORTH ANALYSIS

PRESENT CAPITAL O&M 5-YEAR PRESENT
YEAR WORTH COSTS COSTS COSTS WORTH

FACTOR
(i = 3.9%)

0 1.000 $52,500 $52,500
1 0.962 $44,159 $42,501
2 0.926 $44,159 $40,906
3 0.892 $44,159 $39,371
4 0.858 $44,159 $37,893
5 0.826 $44,159 $21,500 $54,227
6 0.795 $11,000 $8,744
7 0.765 $11,000 $8,416
8 0.736 $11,000 $8,100
9 0.709 $11,000 $7,796
10 0.682 $44,159 $21,500 $44,786
11 0.656 $11,000 $7,221
12 0.632 $11,000 $6,950
13 0.608 $11,000 $6,689
14 0.585 $11,000 $6,438
15 0.563 $44,159 $21,500 $36,988
16 0.542 $11,000 $5,964
17 0.522 $11,000 $5,740
18 0.502 $11,000 $5,525
19 0.483 $11,000 $5,317
20 0.465 $44,159 $21,500 $30,548
21 0.448 $11,000 $4,926
22 0.431 $11,000 $4,741
23 0.415 $11,000 $4,563
24 0.399 $11,000 $4,392
25 0.384 $44,159 $21,500 $25,229
26 0.370 $11,000 $4,068
27 0.356 $11,000 $3,915
28 0.343 $11,000 $3,768
29 0.330 $11,000 $3,627
30 0.317 $44,159 $21,500 $20,837

TOTAL PRESENT WORTH - $542,686
$543,000

Discount rate of 3.9% as per Office of Management and BUdget, Circular No. A-94,

FINAL
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FINAL
Tetra Tech NUS Calculation Sheet
Client: Navy CLEAN I File No. By: RD, PJ Page 10f 1
Subject: Assumptions and Cost Basis, Checked by: JD, SSP Date: July 17, 2002
Groundwater Alternative 3, OFFTA FS

Groundwater Alternative 3: Extraction and Treatment

CAPITAL COST ASSUMPTIONS:

1. Pre-Design Investigation (POI)

POI consists of one round of sampling 13 wells. A total of 16 samples will be collected at each
event and will be analyzed for ORO, GRO, SVOCs, and metals. Analysis costs will be $822.42
for each sample ($86.25+97.75+348.75+289.67 =$822.42. Source: Recent analysis cost, E
2000-33021619, 33021621). Sampling effort will be at 200 Level of Effort (LOE) @$100/hr.
Total cost for event: $33,159.

POI will also include slug tests for hydraulic conductivity and analyses for TOC and grain size.
Total cost $5,000.

2. Mobilization/Demobilization includes providing office trailers, temporary utilities and sanitary facilities,
delivery and removal of major construction equipment, and providing all other facilities and materials
needed by the management staff.

3. Eight extraction wells will be installed. Wells will be 6" casings in a 10" borehole installed by a hollow
stem auger.

4. Discharge will be into a nearby sanitary sewer line for transmittal to POTW.

O&M COST ASSUMPTIONS:

1. Electric usage will be 40,000 kWH/year at $0.1 O/kWH. Total =$4,000.

2. Ion exchange slUdge/spent resin handling will be $1,500/yr.

3. Carbon usage will be 1,000 Ib/year at $1.25/lb. Price includes changeout and regeneration/disposal
Total =$1,250.

4. Maintenance will be required 8 hrs/month @$100/hr. Maintenance parts will be $1,OOO/yr. Yeariy total
=$10,600.

5. Discharge of treated water to POTW will be 5,500,000 gallons/year at $1.50/1 OOOgal. Total =$8,250.

6. Sampling for long-term monitoring will be conducted at 13 wells quarterly for years 1-5 and annually
for years 6-30. A total of 16 samples will be collected at each event and will be analyzed for ORO,
GRO, SVOCs, and metals. Analysis costs will be $822.42 for each sample
($86.25+97.75+348.75+289.67 = $822.42. Source: Recent analysis cost, E-2000-33021619,
33021621). Sampling effort will be at 200 Level of Effort (LOE) @$100/hr. Total cost for event:
$33.159.

5-YEAR COST ASSUMPTIONS:

1. 5-year review in year 5 at 200 LOE @ $100/hr. Approx. $1500 ODCs. Total =$ 21,500 per event.
Review to occur in year 5.

07/22102 OFFTA-Assump-GW-3.doc



CAPITAL COST ESTIMATE FINAL
GROUNDWATER ALTERNATIVE 3. EXTRACTION AND TREATMENT
OFFTA FEASIBILITY STUDY
NAVSTANEWPORT
NEWPORT, RHODE ISLAND

Unit Cost Extended Cost

Item Subcontract Malerial Labor E ul ment Subcontract Malerial Labor Source

1· PRE·DESIGN INVESTIGATION

1.1 Groundwater analyses " $33,159.00 50.00 50.00 50.00 $33,159 SO SO SO 533,159 See Assumptioml Hislorical data

1.2 Hydrogeologic anal~es I, $5,000.00 50.00 50.00 50.00 $5,000 SO SO SO 55.000 See Assumptions Historical data

2· MOBILIZATION/DEMOBILIZATION

2.1 Mobilize/demobilize equipment I, $7.500.00 SO SO SO 57,500 $7.500 Historical data

2.2 Office trailer mo $181.00 SO SO SO 5362 $362 32x 8 ".__~":l9S.015-904-0300

2.3 Sanitary faciliUes ~ $120.00 SO SO SO 5240 $240 M98-016-42D-6410

2.4 Electric/phone hookups " $2,000.00 $2,000 SO SO SO $2,000 UWiUes nearby Historical data

2.5 Project closeout report I, $10.000.00 ,0 SO $10,000 SO $10,000 Historical data

3· SITE PREPARATION

3.1 COmltrucUon entrance I, 5620.00 $86.00 $50.00 SO $620 586 550 $756 Historical data

3.2 Personnel and eqUIpment decon. faciliUes and services

a) Personnel decon. Trailer ~ $1,500.00 $0.00 $200.00 $0.00 $3.000 SO 5400 SO $3,400 Vendor catalog

bl PPE rolioff conl mo $500.00 50.00 50.00 50.00 $1,000 SO SO SO $1.000 HistOrical data

4· SITE MANAGEMENT STAFFING

4.1 Site manager 160 '" $0.00 50.00 $36.00 50.00 SO SO $5.760 SO $5.760 Historical data

4.2 Site engineer 320 '" $0.00 $0.00 $32.00 $0.00 SO SO $10,240 SO $10,240 Historical data

4.3 Site supervisor/foreman 80 h' sam 50.00 $30.00 $0.00 SO SO $2,400 SO $2,400 Historical data

4.4 Site safety officer 80 '" $0.00 50.00 525.00 $0.00 $0 $0 $2.000 SO $2,000 Historical data

5· HOME OFFICE PROJECT MANAGEMENT AND SUPPORT

5.1 Proleclmanager 32 h' $0.00 $0.00 545.00 50.00 SO SO $1,440 SO $1,~40 Hislorical data

5.2 Project administrator 60 '" 50.00 $0.00 530.00 $0.00 SO SO $1,800 SO $1,800 Historical data •... __.-
5.3 Health and safety director 20 h' $0.00 $om $35.00 50.00 SO SO $700 $0 $700 Historical data

5.4 Procurement/subcontracting SO '" $0.00 $0.00 $30.00 $0.00 SO SO $2,400 $0 $2,400 Historical dala

5.5 Clerical support SO h' $0.00 $0.00 $12.50 50.00 SO SO $1,000 $0 $1.000 Historical data

6· EXTRACTION WELLS

6.1 Hollow-stem auger 1O-inch dia 160 ft $24.87 $3,979 SO SO SO $3,979

6.2 6-lnch PVC well casing .0 n $15.97 $639 SO SO SO $639

6.3 6-inch well screen 120 n $23.53 52,824 SO SO SO $2,824

6.4 6-inch well bentonite seal 8 " $95.96 $768 SO SO SO $768

6.5 2-inch PVC piping 1000 ft $6.50 $6,500 SO SO SO $6,500
6.8 10Q0.gal double walled steel tank 1 " $2,076.00 $2.078 SO SO SO $2,076

6.7 2-lnch PVC tees 20 " $1.69 $3' SO SO SO $3'
6.6 Submersible pumps, 1f3hp w/controls 8 " $1,457.00 $11,656 $0 SO $0 $11,656

7 .ION EXCHANGE UNIT

7.1 Ion exchange pilot study " $50,000.00 $50,000 SO $0 $0 $50,000 Estimate

7.2 Ion exchange unit wfstandby wlvalves and controls unit $65,000.00 $65,000 $0 $0 $0 565,000 Vendor informaUon

7.3 0.5 hp transfer pump wIth motor, valves, pipllll! (one stan " $1,400.00 $0 $0 $0 $2,500 $2.600 Vendor informaUon

7.4 Prefabrlcated buildI!1!! on slab 1 " $60,000.00 $0 $0 $0 $60,000 $60,000 Vendor InformaUon

7.6 InstallaUon cost 120 h' $30.00 SO $0 $3,600 $0 53,600 Vendor informaUon

8· CARBON ADSORPTION UNIT

8.1 330 Ib Permanent GAC unit 3 unit $2,700.00 $8.100 $0 $0 $0 $6.100 Vendor Information

6.2 0.5 hp transfer pump with motor. valves. piping (one stan 2 " $1,400.00 $0 $0 $0 $2,800 $2.600 Vendor information

9· RESTORATION
9.1 Site cleanup " 51,000.00 $1,000 SO ,0 $0 $1,000 Fsllmate

Subtotal 5196,736 5620 541,826 573.752 5312,934

Overhead on Labor Cost@ 30% $12,548 $12,546
G & A on Labor Cost@ 10% 54,183 54.153

G&AonMateriaICost@ 10% $62 $62
G & A on Subcontract Cost@ 10% $19,674 $19.674

Total DJrect Cost $216,410 5652 556,556 573,752 $349,400

Indlrecls on Tolal Dlrecl Labor Cost@ 75% $43,917 $43,917
Profit on Tolal Direct Cost@ 10% $34.940
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CAPITAL COST ESTIMATE
GROUNDWATER ALTERNATIVE 3. EXTRACTION AND TREATMENT
OFFTA FEASIBILITY STUDY
NAVSTANEWPORT
NEWPORT. RHODE ISLAND

FINAL

Item
Subtotal

Subcontract
Unit Cost

Malerial Labor E Uj menl Subcontracl
Extended Cost
Material Labor E uT menl Source

Health & Safely Monitoring@ 6%
Cost adjustment for location@ 7%

Total Field Cost

Contingency on Total Field Cost@ 15%
Engineering on Total Field COSl@ 6%

TOTAL COST

Notes
G & A· General and Administralive
ODC· Other Direct Costs

References used for cost esUmales:

1) Means Heavy ConslrucUon Cost Data, 2000. R.S. Means Co.. Inc" Kingston. MA
2) Echos Environmental RemediaUon Unit Cost ,2000, 6th Annual EdiUon, Delta Technologies Group, Inc.• Englewood, CO
3) Echos Environmental RemediaUon Assemblies Cost. 1998, 4th Annual EdiUon, Delta Technologies Group, Inc., Englewood. CO
4) Historical dala based on competiUve bids submitted by subcontractors or actual costs at lhls or other sUes.

212

$25.695
$29.978

$483.931

$72.590
$29.036

$585.556

$586.000

OFFTA-CostEst-GW-3.xls



Present Worth Analysis
Groundwater Alternative 3 • Extraction and Treatment
OFFTA Feasibility Study
NAVSTA Newport
Newport, Rhode Island
07117102

PRESENT WORTH ANALYSIS
PRESENT CAPITAL O&M 5-YEAR PRESENT

YEAR WORTH COSTS COSTS COSTS WORTH
FACTOR
(i = 3.9%)

0 1.000 $586,000 $586,000
1 0.962 $158,236 $152,296
2 0.926 $158,236 $146,580
3 0.892 $158,236 $141,078
4 0.858 $158,236 $135,782
5 0.826 $158,236 $21,500 $148,442
6 0.795 $58,759 $46,707
7 0.765 $58,759 $44,954
8 0.736 $58,759 $43,266
9 0.709 $58,759 $41,642
10 0.682 $58,759 $21,500 $54,744
11 0.656 $58,759 $38,575
12 0.632 $58,759 $37,127
13 0.608 $58,759 $35,733
14 0.585 $58,759 $34,392
15 0.563 $58,759 $21,500 $45,213
16 0.542 $58,759 $31,859
17 0.522 $58,759 $30,663
18 0.502 $58,759 $29,512
19 0.483 $58,759 $28,404
20 0.465 $58,759 $21,500 $37,341
21 0.448 $58,759 $26,312
22 0.431 $58,759 $25,324
23 0.415 $58,759 $24,373
24 0.399 $58,759 $23,459
25 0.384 $58,759 $21,500 $30,839
26 0.370 $58,759 $21,731
27 0.356 $58,759 $20,915
28 0.343 $58,759 $20,130
29 0.330 $58,759 $19,374
30 0.317 $58,759 $21,500 $25,470

TOTAL PRESENT WORTH - $2,128,235
$2,128,000

Discount rate of 3.9% as per Office of Management and Budget, Circular No. A-94,

FINAL

7/2212002 OFFTA-PW-GW-3.xls



FINAL
Tetra Tech NUS Calculation Sheet
Client: Naw CLEAN I File No. Bv: RD Paae 1 of 1
Subject: Assumptions and Cost Basis, Checked by: JD, PJ Date: March 11, 2002
Sediment Alternative 1, OFFTA FS

Sediment Alternative 1: No Action

CAPITAL COST ASSUMPTIONS: N/A

O&M COST ASSUMPTIONS: N/A

5-YEAR COST ASSUMPTIONS:

1. 5-year reviews at 200 Levei of Effort (LOE) @ $100/hr. Approx. $1500 ODCs. Total = $ 21,500 per
event. Reviews to occur in years 5, 10, 15, 20, 25, and 30.

07/09/02 OFFTA-Assump-Sed-1.doc



Present Worth Analysis
Sediment Alternative 1 • No Action

OFFTA Feasibility Study

NAVSTA Newport

Newport, Rhode Island
07/09/02

PRESENT WORTH ANALYSIS

PRESENT CAPITAL O&M 5-YEAR PRESENT
YEAR WORTH COSTS COSTS COSTS WORTH

FACTOR
Ii =3.9%)

0 1.000 $0 $0
1 0.962 $0 $0
2 0.926 $0 $0
3 0.892 $0 $0
4 0.858 $0 $0
5 0.826 $0 $21,500 $17,757
6 0.795 $0 $0
7 0.765 $0 $0
8 0.736 $0 $0
9 0.709 $0 $0

10 0.682 $0 $21,500 $14,665
11 0.656 $0 $0
12 0.632 $0 $0
13 0.608 $0 $0
14 0.585 $0 $0
15 0.563 $0 $21,500 $12,112
16 0.542 $0 $0
17 0.522 $0 $0
18 0.502 $0 $0
19 0.483 $0 $0
20 0.465 $0 $21,500 $10,003
21 0.448 $0 $0
22 0.431 $0 $0
23 0.415 $0 $0
24 0.399 $0 $0
25 0.384 $0 $21,500 $8,261
26 0.370 $0 $0
27 0.356 $0 $0
28 0.343 $0 $0
29 0.330 $0 $0
30 0.317 $0 $21,500 $6,823

I
TOTAL PRESENT WORTH = $69,621 I

$70,000

Discount rate of 3.9% as per Office of Management and Budget, Circular No. A-94,

7/9/2002

FINAL
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FINAL
Tetra Tech NUS Calculation Sheet
Client: Navy CLEAN I File No. Bv: RD. PJ Page 10f 2
Subject: Assumptions and Cost Basis. Checked by: SSP Date: July 9. 2002
Sediment Aiternative 2. OFFTA FS

Sediment Alternative 2: Limited Action

CAPITAL COST ASSUMPTIONS:

1. Access Restrictions:

A row of fencing will be installed at each end of OFFTA. connected to the existing fence corners. and
extend to the mean low water line. Buoys will be installed at 100-foot increments along the shoreline.
ten feet offshore of the mean-low tide line. Warning signs will be posted on the fence and buoys and
at strategic locations on shore to warn people of the hazards associated with the use of the area.

150 If fence @$19.09= $2.865
15 line posts @ $60.00 = $900
6 end posts @ $81.50 = $489
10 buoys and anchors @ $400 ea. = $4.000
2 days of boat rental = $1.000
15 -12"X18" warning signs @ $42,44ea. = $636

Total Fence. Sign. and Buoy Cost = $9.890.

O&M COST ASSUMPTIONS:

1. Long-term Monitoring:

Intertidal and subtidal sediment will be monitored on an annual basis for the first five years. then
every five years for a period of 30 years. The six stations exceeding ecological PRGs will be
monitored. and six stations will be selected to represent the intertidal area where human trespasser
expsore is anticipated to occur. Samples will be analyzed for PAHs. Metals and toxicity as
necessary.

Analyses:
Sediment chemistry ( PAHs. arsenic); 12 samples plus 2 OC samples
Biota chemistry 6 samples (PAHs. arsenic);
Toxicity Amphipod; 6 samples
Toxicity Arabacia; 6 samples

Labor Costs: (1 event/year)
Sediment sampling: Sample collection with equipment and crew = approximately
$485/sample. Collection of 12 samples = $5.820 (OC samples collected at no additional
cost)
Biota sampling: Sample collection with equipment and crew = approximately $1 043/sample.
Collection of 6 samples = $6,258
Project mgmt/coord. ~ 30 hours/year @ $80/hr (w/O&P) = $2,400
Annual: add $300 M&IE; ODCs & supplies @ $200; & shipping @ $200.
Data Validation $13,939.
Report prep. $12,460.

Total Labor '" $41.377 annually for years 1-5 and at 5 -year review cycles

07/10/02 OFFTA-Assump-Sed-2.doc



FINAL
Tetra Tech NUS Calculation Sheet
Client: Navy CLEAN I File No. Bv: RD, PJ Page 2 of 2
Subject: Assumptions and Cost Basis, Checked by: SSP Date: July 9, 2002
Sediment Alternative 2, OFFTA FS

Estimated analytical costs:
Sediment chemistry (PAHs, arsenic) $283/sampie @ 14 sampies/yr =$3,962
Biota chemistry ( PAHs, arsenic) @ $11 OO/sample @ 6 samples/yr = $6,600
Toxicity Amphipod @ $8631 sample @ 6 samples/yr =$5,178
Toxicity Arabacia @ $6621 sample @ 6 samples/yr =$3,972

Total Analytical- $19,712 annually for years 1-5 and at 5 -year review cycles

2. Inspection and Maintenance:

Quarterly inspections (fence, buoys and biota) including fieldwork and reporting, Engineer @ 16
Level of Effort (LOE) @ 80/hr =$1280/quarter; approximately $300/quarter ODCs =$1 ,580/quarter
or $6,320/year; assume 10% of total replacement cost per year for fence/sign/buoy maintenance
$2,466. Total - $8,786 annually

5-YEAR COST ASSUMPTIONS:

1. Each reviews at 200 LOE @ $100/hr. Approx. $1500 ODCs. Total =$ 21,500 per event. Reviews to
occur in years 5, 10, 15, 20, 25, and 30.

07/10/02 OFFTA-Assump-Sed-2.doc



Present Worth Analysis
Sediment Alternative 2 - Limited Action
OFFTA Feasibility Study
NAVSTA Newport
Newport, Rhode Island
07/09/02

FINAL

PRESENT CAPITAL O&M 5-YEAR PRESENT

YEAR WORTH COSTS COSTS COSTS WORTH

FACTOR
(i = 3.9%)

0 1.000 $9,890 $9,890

1 0.962 $69,875 $67,252

2 0.926 $69,875 $64,728

3 0.892 $69,875 $62,298

4 0.858 $69,875 $59,960

5 0.826 $69,875 $21,500 $75,466
6 0.795 $8,786 $6,984
7 0.765 $1l,786 $6,722

8 0.736 $8,786 $6,469

9 0.709 $8,786 $6,227

10 0.682 $69,875 $21,500 $62,326

11 0.656 $8,786 $5,768

12 0.632 $8,786 $5,551

13 0.608 $8,786 $5,343

14 0.585 $8,786 $5,142

15 0.563 $69,875 $21,500 $51,475

16 0.542 $8,786 $4,764

17 0.522 $8,786 $4,585

18 0.502 $8,786 $4,413

19 0.483 $8,786 $4,247

20 0.465 $69,875 $21,500 $42,512

21 0.448 $8,786 $3,934
22 0.431 $8,786 $3,787
23 0.415 $8,786 $3,644
24 0.399 $8,786 $3,508

25 0.384 $69,875 $21,500 $35,111

26 0.370 $8,786 $3,249

27 0.356 $8,786 $3,127

28 0.343 $8,786 $3,010

29 0.330 $8,786 $2,897

30 0.317 $69,875 $21,500 $28,998

TOTAL PRESENT WORTH - $653,387
$653,000

Discount rate of 3.9% as per Office of Management and Budget, Circular No. A-94

7/9/2002



FINAL
Tetra Tech NUS Calculation Sheet
Client: Navy CLEAN I File No. Bv: RD, PJ Page 1 of 3
Subject: Assumptions and Cost Basis, Checked by: JD, SSP Date: July 9, 2002
Sediment Alternative 3, OFFTA FS

Sediment Alternative 3: Limited Removal and Disposal (Beach Area)

CAPITAL COST ASSUMPTIONS:

1. Pre-Design Investigation (PDI)

PDI consisting of soil borings/cores advanced to further determine the grain size and nature of the
sediments and to deiineate lateral extent of contaminants exceeding the PRGs. Assume 25 soil
borings at an average 5-foot depth with associate analytical costs for PAHs, arsenic, and
geotechnical testing.

Mobilization/demobilization @ $33,750
Sampie coilection @ $600 each or $15,000
Analytical @ $283/sample for 55 samples including QAJQC samples or $15,565
Data validation $6,600
Reporting @ $5,000
Oversight and management @ $5,500

Total costs approx. =$81,415.

2. Mobilization/Demobilization includes providing office trailers, temporary utilities and sanitary facilities,
delivery and removal of major construction equipment, and providing ail other facilities and materials
needed by the management staff.

3. It is assumed that no subgrade preparation wiil be required prior to dredging/excavating the
contaminated sediments. Large debris and boulders wiil be removed from the sediments after they have
been dredged, but prior to dewatering.

4. Erosion controls wiil be provided to reduce migration of sediments during the dredging operations by
means of a silt boom. The silt boom wiil be anchored outside the perimeter of the dredge area as
needed to control dewatering discharge and disturbance during excavation of the intertidal area.

5. A portable cofferdam system (Portadam) wiil be erected around the low tide line as shown in Figure 2-4
(orange area). The area wiil be dewatered as needed with pumps so that the excavation of the
sediments can occur in dry conditions. An estimated 5,716 cy will be excavated in this manner. It is
assumed that the portadam will be instailed in two phases. According to the vendor estimates, it should
take 8 days to instail phase 1 (eastern half), 8-10 days to remove phase I and install phase iI (western
half), and 5-7 days to remove the structures.

6. Excavation, Backfilling and Disposal Work

Approximately 1.77 acres of area will be dredged to a depth of 2 feet (apprOXimately 5,716
cu yd) to remove contaminated sediment.

It is assumed that OFFTA area wiil be used as a materials staging, dewatering, and project
office area at no cost. Dewatered dredge spoils wiil be staged at this area pending transport
to the TSDF/off-site landfill.

It is assumed that over-the-road transport of waste wiil be done with out need for any
improvements to the bridge near the site.

07/09/02 OFFTA-Assump-Sed-3.doc



FINAL
Tetra Tech NUS Calculation Sheet
Client: Navv CLEAN I File No. Bv: RD, PJ Page 2 of 3
Subject: Assumptions and Cost Basis, Checked by: JD, SSP Date: July 9, 2002
Sediment Alternative 3, OFFTA FS

Water quality testing will be performed daily during dredging removal activities. It is
assumed that three samples will be collected daily from outside of the silt curtain work area.
Samples will be analyzed for PAHs, arsenic, and total suspended solids (TSS).

Dry excavated sediments will be screened and' hauled directly to the landfill from the
excavation site. Backfill materials will be placed immediately following removal of the
contaminated sediments.

Access to the work area will be from along the western side of OFFTA. Excavation,
handling, and placement of materials will be accomplished using tracked excavators, a
wheeled front-end loader, screener, and off-road dump trucks at a rate of 600 cy/day. Costs
include a survey crew to verify grades during placement.

The backfill materials consisting of sand/gravel/stone will be placed over an area
approximately 1.77 acres. Assuming a bulking factor of 20%, approximately 6,859 cy of
backfill will be placed. Also, since 20% of the dredged material (1,372cy) will be screened
and re-used, only 5,487 cy of material will be required from off-site sources.

Because of low contamination levels it is assumed that most of the sediment can be
disposed of at RCRA-D landfill. For the estimation purposes, 90% of the sediment (after
backfill) is assumed to be disposed of at RCRA-D landfill, 9% of sediment will need
stabilization after which it would be disposed of at RCRA-D landfill, and 1% of sediment
would be disposed of at TSDF (RCRA-C).

The costs for disposal are as per recent project (Melville Landfill). TSDF disposal (to Model
City, NY) is $120 per ton (as per Carl Tippman of Foster Wheeler from McAllister project)
and RCRA-D disposal is $70 per ton (disposal cost from Fall River Landfill) including
transportation.

O&M COST ASSUMPTIONS:

1. Long-term Monitoring:

Long term monitoring will be conducted for two purposes. First, the subtidal areas where sediments
will still contain COCs above PRG concentrations will be monitored for ecological risk parameters to
determine if the removal of the source areas and the intertidal sediments have a positive effect on
these sediments over the long term, and to evaluate the effectiveness of the remedy every five
years. Secondly, the monitoring effort will evaluate the remediated area to assure these sediments
are not becoming recontaminated from other sources. The sediment program outlined below will
accommodate both objectives, and will be conducted at the same intervals.

a. Analyses:
Sediment chemistry ( PAHs, arsenic); 12 samples plus 2 OC samples
Biota chemistry 4 samples (PAHs, arsenic);
Toxicity Amphipod; 4 samples
Toxicity Arabacia; 4 samples

b. Labor Costs: (1 event/year)
Sediment sampling: Sample collection with equipment and crew = approximately
$485/sample. Collection of 12 samples = $5.820 (OC samples collected at no additional
cost)
Biota sampling: Sample collection with equipment and crew = approximately $1043/sample.
Collection of 4 samples = $4.172

07/09/02 OFFTA-Assump~Sed-3.doc



FINAL
Tetra Tech NUS Calculation Sheet
Client: Navy CLEAN I File No. By: RD, PJ Page 3 of 3
Subject: Assumptions and Cost Basis, Checked by: JD, SSP Date: July 9, 2002
Sediment Alternative 3, OFFTA FS

Project mgmUcoord. '" 30 hours/year @ $80/hr (w/O&P) =$2,400
Annual: add $300 M&IE; ODCs & supplies @ $200; & shipping @ $200.
Data Validation $13,939.
Report prep. $12,460.

Total Labor:; $39,291 annually for years 1-5 and at 5 -year review cycles

c. Estimated analytical costs:
Sediment chemistry (PAHs, arsenic) $283/sample @ 14 samples/yr =$3,962
Biota chemistry ( PAHs, arsenic) @ $1100/sample @4 samples/yr =$4,400
Toxicity Amphipod @ $863/ sample @ 4 samples/yr =$3,452
Toxicity Arabacia @ $662/ sample @ 4 samples/yr =$2,648

Total Analytical = $14,462 annually for years 1-5 and at 5 -year review cycles

2. Inspection for Habitat Recovery:

Qualitative inspections to be performed by an Marine Biologist: Assume 2 days (8 hr/day) for
inspection and travel and 2 days (16 hr) to prepare an inspection report. 32 hours total @ $80/hr
= $2,560 plus $300 ODCs & travel costs, and $2,000 equipment costs (boat and underwater
video). Total quarterly Inspection costs are $4,860. Total annual costs are $19,440 for years 1-5
and at 5-year review cycles.

3. 5-year reviews at 200 Level of Effort (LOE) @ $100/hr. Approx. $1500 ODCs. Total =$ 21,500 per
event. Reviews to occur in years 5, 10, 15, 20, 25, and 30.

07/09/02 OFFTA-Assump-Sed-3.doc



CAPITAL COST ESTIMATE FINAL
SEDIMENT ALTERNATIVE 3 - LIMITED REMOVAL AND DISPOSAL (BEACH AREA)
OFFTA FEASIBILITY STUDY
NAVSTA NEWPORT
NEWPORT, RHODE ISLAND

Unit Cost Extended Cost
Item Subcontract Material Labor E ui ment Subcontract Material Labor E ui ment Comments/Source

1- PRE-DESIGN INVESTIGATION
1.1 SedimenVsoil borinqs and analyses I, $81415.00 $0.00 $0.00 $0.00 $81415.00 $0.00 SO.OO $0.00 S81,415.00 See Assumptions

2 • MOBILlZATIONIDEMOBILlZATION
2.1 Office trailer (1 each) 3 mo $400.00 SO.OO $0.00 $0.00 $1 200.00 $0.00 $0.00 SO.OO $1,200.00 Hislorical data -300 CYfd
2.2 Portable communication equipment sets 4 " $400.00 $0.00 $0.00 $0.00 $1 600.00 $0.00 $0.00 $0.00 $1,600.00 Hislorical data-McAllister
2.3 Eguip-ment mobJdemob. (support equip) 1 I, $40,000.00 SO.OO $0.00 $0.00 $40,000.00 SO.OO SO.OO $0.00 $40 000.00 Historical data-McAllister
2.4 Site utility hook-ups (electric, Rhone etc.) 1 " $3 000.00 $0.00 SO.OO $0.00 $3 000.00 $0.00 SO.OO $0.00 $3000.00 Historical data-McAllister
2.5 Site utilities 3 mo $~,OOO.OO $0.00 $0.00 $0.00 S12 000.00 SO.OO $0.00 $0,00 $12 000.00 Historical data-McAllister
2.6 Pick-up truck (rental 3 eachl 3 mo $2650.00 $450.00 $0.00 $0.00 $8550.00 $1350.00 SO.OO $0,00 $9900,00 Historical data-McAllister
2.7 Certificaliontc!ose-oul reRorts 1 " $7 000.00 $2 000.00 $15.000.00 $3,000.00 $7000.00 $2 000.00 $15000.00 $3 000,00 $27 000.00 Historical data·McAliister

3 ·PERSONNEL AND EQUIP. DECON. FACILITIES AND SERVICES
3.1 11 Personnel decon.trailer 3 mo $1 500,00 $0.00 $200.00 $0.00 $4500.00 $0.00 5600.00 50.00 ~100.00 Vendor catalog
3.2 21 PPE roHoff conI. 3 mo $500.00 $0,00 $0.00 $0.00 $1500.00 SO,OO 50.00 $0.00 $1 ,500.00 Historical daJa-McAliister

4 - SITE MANAGEMENT STAFFING
4.1 Site manager 240 he $0.00 SO,OO S36.0o SO.OO $0.00 SO,OO S8640.00 SO.OO $6640.00 Historical daJa-McAliister
4.2 Sile engineer 480 he $0.00 SO.OO 532.00 $0.00 50.00 $0.00 $15,360.00 SO.OO $15,360,00 Historical daJa-McAllister
4.3 Site supervisorfforeman 480 he SO.OO $0,00 530.00 $0.00 $0.00 SO.OO $14400.00 $0.00 $14400,00 Historical daJa·McAliister
4.4 Site safety officer 480 he $0.00 $0.00 $25.00 $0.00 50.00 SO.OO $12000.00 50.00 512,000.00 Historical daJa-McAliister

5· HOME OFFICE PROJECT MANAGEMENT AND SUPPORT
5.1 Proiect manager 48 he $0.00 $0,00 $45.00 $0.00 $0.00 $0,00 $2160.00 SO.OO $2,160.00 Historical daJa·McAliister
5.2 Project administrator 90 he $0.00 $0.00 $30.00 $0.00 $0.00 $0.00 $2700.00 $0.00 $2700.00 Historical daJa-McAliister
5.3 Health and safety direclor 30 he $0.00 $0.00 $35.00 $0.00 $0.00 $0.00 $1050.00 $0.00 $1 050.00 Historical data-McAllister
5.4 ProcuremenVsubcontracling 120 he $0.00 SO.OO $30.00 $0.00 SO.OO $0.00 $3,600.00 $0.00 $3600.00 Historical data-McAllister
5.5 Clerical support 120 he $0.00 $0.00 $12.50 $0,00 $0.00 $0.00 $1 500,00 $0.00 $1500.00 Historical data-McAllister

6 _REMOVAUWATER TREATMENT
6.1 Beach Area Debris Removal/disposal at RCRA D Landfill 500 too $75.00 $0.00 $0.00 50.00 $37500.00 $0.00 $0.00 $0.00 $37,500.00 Fall River Landfill - $5 for removal and
6.2 Erosion control sill boom 3000 If 50.00 510.00 $4.00 $4,00 SO.OO S30,000.00 $12000.00 $12000.00 $54000.00 Historical data-McAllister
6.3 Mobiiization/demobilization (shore based equip.l 1 I, $5000.00 $0.00 $0.00 $0,00 $5 000,00 $0.00 $0.00 $0.00 55,000.00 Vendor Info.
6,4 Staging area preparation. maintenance and removal 1 " $0.00 $1000.00 $7 000.00 $3,000.00 50.00 $1000.00 $7000.00 $3000,00 511000.00 Vendor Info.
6.5 Mobilizationfdemobilization IOff-shore based equip..:) 1 I, 510,000.00 $0.00 $0.00 $0.00 $10,000.00 $0.00 SO.OO 50.00 $10000.00 Historical data-McAllister
6.6 Temporary Portadam 1 I, $130368.50 $0.00 $0.00 $0,00 $130368,50 $0.00 $0.00 $0.00 $130368.50 Vendor Info.
6.7 Excavate/Dredge, haul beach sediments Iincuudes 20 % bulking' 6859 cy S7.00 $0.00 SO 00 $0.00 $48014.40 $0.00 $0.00 $0.00 $48,014.40 E-1703.Q217/023200020
6,8 Dredge water trealment 23 day 54500.00 $0.00 $0.00 $0,00 $102686.00 $0.00 $0.00 $0.00 $102888.00 Vendor Info.
6.9 Sediment confinnalion testing 25 " $883.00 SO.OO $0.00 $0,00 $22075.00 SO.OO $0.00 $0.00 $220"75.00 Hislorical data-McAliisler

6.10 Water quality testing 23 day $3600.00 $50.00 $200.00 S150.00 $82,310.40 $1,143.20 $4572.80 $3429.60 $91 456.00 Historical data-McAllister
6.11 Disposal/transport to RCRA D Landfill 6,173 too $70.00 50.00 SO.OO $0.00 $432129.60 SO.OO SO.OO $0.00 5432129.60 Fall River Landfill
6.12 Disposal/transport to RCRA D Landfiil wi stabilization 617 100 $90.00 SO.OO $0.00 $0.00 $55559.52 $0.00 $0.00 $0.00 $55559.52 Estimate
6.13 Disposalltransport to RCRA C landfiil 69 too $120.00 $0.00 SO.OO $0.00 $8231.04 $0.00 $0.00 $0.00 $6231.04 Modelcily NY
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CAPITAL COST ESTIMATE
SEDIMENT ALTERNATIVE 3· LIMITED REMOVAL AND DISPOSAL (BEACH AREA)
OFFTA FEASIBILITY STUDY
NAVSTA NEWPORT
NEWPORT, RHODE ISLAND

FINAL

Subtotal

Tolal Dlroct Cost

Comments/Source

$34,277
511,426
$11,838

$130864

$119,968
$175282

51,564,418

$1,752,822

$229 536.27 Vendor Info.
$36,806.47 Vendor Info.
$45728.00 HistoricaWendor

Extended Cost
Subcontract Malerial Labor E ui ment

$138116.85 $82310.40 $9109-02 50.00
$34 529.21 50.00 52277.25 $0.00
$41155.20 5571.60 $2286.40 $1 714.80

$1,308.643 $118,375 $114,255 $23,144

$34,277
511,426

$11,838
5130864

$1,439,507 $130,213 $159,958 $23,144

$119,968

Unit Cost
Subcontract Material Labor E ui ment

5487 'y S25.17 515.00 $1.66 50.00
1372 'y 525.17 SO.OO $1.66 SO.OO

11 day $3600.00 S50.00 $200.00 $150,00

[ndirects on Total Direct Labor Cost@ 75%
Profit on Total Direct Cost@ 10%

Overhead on Labor Cost@ 30%
G&AonLaborCost@ 10%

G&AonMateriaICost@ 10%
G &A on Subcontract Cost@ 10%

lIem

7· BACKFlLL PLACEMENT
7.1 Beach imported sand/gravel backfill (2 ftl
7.2 Beach screened sand/gravel backfill (2 ft)
7.3 Water mglJ!!Y monitoring 13 samples/day)

Subtotal 52,048,072

Health & Safety Monitoring@ 6%
Cost adjustment for location@ 7%

5122884
$143365

Total FIOld Cost $2,314,322

Contingency on Total Field Cost@ 25%
Engineering on Total Field Cost@ 6%

$578,580
S138859

TOTAL COST $3,031,761

Notes
G & A· General and Adminislrative
ODC - Other Direct Costs

$3,032,000

References used for cost estimates:
1) Means Heavy Construclion Cost Data, 2000, R.S. Means Co., Inc.. Kingslon, MA.
2) Echos Environmental Remediation Unit Cost ,2000, 6th Annual Edition, Delta Technologies Group, Inc., Englewood, CO
3) Echos Environmental Remediation Assemblies Cosl, 1998, 4th Annual Edition, Delta Technologies Group, Inc., Englewood, CO
4) Historical data based on competitive bids submitted by SUbcontractors or actual costs at this or other sltes.
5) Excavation cosl is based on hourty rate of $130.61 for 2CY track loader (E2000-17030217): With 300 CYJ 8hr, rale is approxi. $ 3.48/CY
6) Costs for Hauling to staging area are based on S3.49/CY (02320-0200). Cost for excavation and hauling is approx. $7/CY

71912002 212 OFFTA-CostEst-Sed-3.xls



Present Worth Analysis

Sediment Alternative 3 • Limited Removal and Disposal (Beach Area)

OFFTA Feasibility Study
NAVSTA Newport

Newport, Rhode Island

07/09/02

PRESENT WORTH ANALYSIS

PRESENT CAPITAL O&M 5-YEAR PRESENT
YEAR WORTH COSTS COSTS COSTS WORTH

FACTOR
11- 3.9%\

0 1.000 $3,032,000 $3,032,000
1 0.962 $73,223 $70,474
2 0.926 $73,223 $67,829
3 0.892 $73,223 $65,283
4 0.858 $73,223 $62,833
5 0.826 $73,223 $21,500 $78,231
6 0.795 $0 $0
7 0.765 $0 $0
8 0.736 $0 $0
9 0.709 $0 $0

10 0.682 $73,223 $21,500 $64,610
11 0.656 $0 $0
12 0.632 $0 $0
13 0.608 $0 $0
14 0.585 $0 $0
15 0.563 $73,223 $21,500 $53,361
16 0.542 $0 $0
17 0.522 $0 $0
18 0.502 $0 $0
19 0.483 $0 $0
20 0.465 $73,223 $21,500 $44,070
21 0.448 $0 $0
22 0.431 $0 $0
23 0.415 $0 $0
24 0.399 $0 $0
25 0.384 $73,223 $21,500 $36,397
26 0.370 $0 $0
27 0.356 $0 $0
28 0.343 $0 $0
29 0.330 $0 $0
30 0.317 $73,223 $21,500 $30,060

TOTAL PRESENT WORTH = $3,605,148
$3,605,000

Discount rate of 3.9% as per Office of Management and Budget, Circular No. A-94,

FINAL
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FINAL
Tetra Tech NUS Calculation Sheet
Client: Navy CLEAN I File No. By: RD, PJ Page 1 of 3
Subject: Assumptions and Cost Basis, Checked by: JD, SSP Date: July 9, 2002
Sediment Alternative 4, OFFTA FS

Sediment Alternative 4: Removal and Disposal Option A

CAPITAL COST ASSUMPTIONS:

1. Pre-Design Investigation (POI)

POI consisting of soil borings/cores advanced to further deterrnine the grain size and nature of the
sediments and to delineate iateral extent of contaminants exceeding the PRGs. Assume 25 soil
borings at an average 5-foot depth with associate analytical costs for PAHs, arsenic, and
geotechnical testing.

Mobilization/demobilization @ $33,750
Sample collection @ $600 each or $15,000
Analytical @ $283/sample for 55 samples including QAlQC samples or $15,565
Data validation $6,600
Reporting @ $5,000
Oversight and management @ $5,500

Total costs approx. =$81 ,415.

2. Mobilization/Demobilization includes providing office trailers, temporary utilities and sanitary facilities,
delivery and removal of major construction equipment, and providing all other facilities and materials
needed by the management staff.

3. It is assumed that no subgrade preparation will be required prior to dredging/excavating the
contaminated sediments. Large debris and boulders will be removed from the sediments after they have
been dredged, but prior to dewatering.

4. Erosion controls will be provided to reduce migration of sediments during the dredging operations by
means of a silt boom. The silt boom will be anchored in the subtidal area around the perimeter of the
dredge area.

5. Temporary excavator causeway will be constructed at the SD-410 Location to excavate near shore
contaminated sediments. The causeway will be built at a height of 12' (approximately 2' above the water
level) and will be of graded crushed gravel base. The road will be of 20' wide at the top and 42' at the
base with 1:1 slope. A total of approximately 215 cy of crushed stone (RIDOT R-3) will be required. At a
cost of $21.56 per cy of Installed stone (ECHOS 026112205), cost is estimated at $4,650. Excavation
will be carried out using trackhoe with extended reach arm. Wider slopes and additional material that
may be required to shore the causeway would fall within the 25% contingency.

6. A portable cofferdam system (Portadam) will be erected around the excavation area as shown in Figure
2-4 (orange and blue areas, with the exception of the area near SD-41 0). The area will be dewatered as
needed with pumps so that the excavation of the sediments can occur In dry conditions. An estimated
5,930 cy will be excavated in this manner. It is assumed that the portadam will be installed in two
phases. According to the vendor estimates, it should take 8 days to install phase 1 (eastern half), 8-10
days to remove phase I and install phase II (western half), and 5-7 days to remove the structures.

7. Excavation, Backfilling, and Disposal work

Approximately 1.77 acres of area will be dredged to a depth of 2 feet (Beach area) and 0.20
acres of area will be dredged to a depth of one feet (Near shore area but not including eel
grass area) to remove contaminated sediment. The volume of contaminated sediments to

07/09/02 OFFTA-Assump-Sed-4.doc



FINAL
Tetra Tech NUS Calculation Sheet
Client: Navy CLEAN I File No. By:RD,PJ Page 2 of 3
Subject: Assumptions and Cost Basis, Checked by: JD, SSP Date: July 9, 2002
Sediment Alternative 4, OFFTA FS

be removed from the beach area and the near shore area is approximately 5,716 and 214
cy, respectiveiy.

It is assumed that OFFTA area will be used as a materials staging, dewatering, and project
office area at no cost. Dewatered dredge spoils wnl be staged at this area pending transport
to the TSDF/off-site landfill.

It is assumed that over-the-road transport of waste will be done with out need for any
improvements to the bridge near the site.

Water quality testing will be performed daily during dredging removal activities. It assumed
that three samples would be collected daily from outside of the silt curtain work area.
Samples will be analyzed for PAHs, arsenic, and total suspended solids (TSS).

Dry excavated sediments will be screened and hauled directly to the landfill from the
excavation site. Backfill materials will be placed immediately following removal of the
contaminated sediments.

Access to the work area will be from aiong the western side of OFFTA Excavation, handling,
and placement of materials will be accomplished using tracked excavators, a wheeled front
end loader, screener, and off-road dump trucks at a rate of 600 cy/day. Costs include a
survey crew to verify grades during placement.

The backfill materials consisting of sand/gravel/stone will be placed over an area
approximately 82,974 SF. Assuming a bulking factor of 20%, approximately 7,234 cy of
backfill will be placed. Also, since 20% of the dredged material (1,447 cy) will be screened
and re-used, only 5,787 cy of material will be required from off-site sources.

Because of low contamination ievels, it is assumed that most of the sediment can be
disposed of at RCRA-D landfill. For the estimation purposes, 90% of the sediment (after
backfill) is assumed to be disposed of at RCRA-D landfill, 9% of sediment will need
stabilization after which it would be disposed of at RCRA-D landfill, and 1% of sediment
would be disposed of at TSDF (RCRA-C).

The costs for disposal are as per recent project (Meiville Landfill). TSDF disposal (to Model
City, NY) is $120 per ton (as per Carl Tippman of Foster Wheeler) and RCRA-D disposai is
$70 per ton (disposal cost from Fall River Landfill) including transportation.

O&M COST ASSUMPTIONS:

1. Long-term Monitoring:

Long term monitoring will be conducted for two purposes. First, the subtidal area (station SD-410)
where sediments will still contain COCs above PRG concentrations will be monitored for ecological
risk parameters to determine if the removal of the source areas and the intertidal sediments have a
positive effect on these sediments over the long term, and to evaluate the effectiveness of the
remedy every five years. Secondly, the monitoring effort will evaluate the remediated area to assure
these sediments are not becoming recontaminated from other sources. The sediment program
outlined below will accommodate both objectives, and will be conducted at the same intervals.

07/09/02 OFFTA-Assump-Sed-4.doc



FINAL
Tetra Tech NUS Calculation Sheet
Client: Navy CLEAN I File No. Bv: RD, PJ Pa~e 30f3
Subject: Assumptions and Cost Basis, Checked by: JD, SSP Date: July 9, 2002
Sediment Alternative 4, OFFTA FS

a. Analyses:
Sediment chemistry ( PAHs, arsenic); 12 samples plus 2 QC samples
Biota chemistry 2 samples (PAHs, arsenic);
Toxicity Amphipod; 2 samples
Toxicity Arabacia; 2 samples

b. Labor Costs: (1 event/year)
Sediment sampling: Sample collection with equipment and crew = approximately
$485/sample. Collection of 12 samples = $5,820 (QC samples collected at no additional
cost)
Biota sampling: Sample collection with equipment and crew = approximately $1 043/sample.
Collection of 2 samples = $2,086
Project mgmt/coord. '" 20 hours/year @ $80/hr (w/O&P) = $1,600
Annual: add $300 M&IE; ODCs & supplies @ $200; & shipping @ $200.
Data Validation $6,969.
Report prep. $6,230.

Total Labor" $23,205 annually for years 1-5 and at 5 -year review cycles

c. Estimated analytical costs:
Sediment chemistry (PAHs, arsenic) $283/sample @ 14 samples/yr = $3,962
Biota chemistry ( PAHs, arsenic) @ $1100/sample @ 2 samples/yr = $2,200
Toxicity Amphipod @ $863/ sample@2samples/yr= $1,726
Toxicity Arabacia @ $662/ sample @ 2 samples/yr = $1.324

Total Analytical" $9,212 annually for years 1-5 and at 5 -year review cycles

2. Inspection for Habitat Recovery:

Qualitative inspections to be performed by an Marine Biologist: Assume 2 days (8 hr/day) for
inspection and travel and 2 days (16 hr) to prepare an inspection report. 32 hours total @ $80/hr
= $2,560 plus $300 ODCs & travel costs, and $2,000 equipment costs (boat and underwater
video). Total quarterly Inspection costs are $4,860. Total annual costs are $19,440 1-5 years and
every 5 years for 5-30 years.

3. 5-year reviews at 200 Level of Effort (LOE) @ $100/hr. Approx. $1500 ODCs. Total = $ 21,500 per
event Assumed only one review to occur in year 5 because virtually all sediment > PRGs will be
removed.

07109102 OFFTA-Assump-Sed-4.doc



CAPITAL COST ESTIMATE FINAL
SEDIMENT ALTERNATIVE 4· REMOVAL AND DISPOSAL OPTION A
OFFTA FEASIBILITY STUDY
NAVSTA NEWPORT
NEWPORT, RHODE ISLAND

Unit Cost Extended Cost
Item Subconlract Malerial Labor E ui menl Subcontract Material Labor E uT ment Comments/Source

1. PRE·DESIGN INVESTIGATION
1.1 SedimentisolllJorings and analyses Is~415.00 50.00 $0.00 $0.00 561415.00 50.00 50.00 $0.00 $61 415.00 See Assumptions

2· MOBILIZATIONIDEMOBILIZATION
2.1 Offic_,? trailer 11 each) 6 mo $400.qg 50.00 50.00 SO.OO 52400.00 50.00 §O.OO 50.00 $2400.00 Historical o:!.ata -300 CYld
2.2 Portable communlcalion equTpment sets 4 " 5400.00 $0.00 $0.00 $0.00 §1,6oo.oo 50.00 $0.00 $0.00 $1 600.00 Hislorical data-McAllister
2.3 Eqy.!pment mobJdemOb. (support equIp) 1 I, $40000.00 50.00 50.00 SO.OO S40000.00 $0.00 $0.00 $0.00 S40000.00 Historical data-McAllister
2A Site utility hook-ups /electric phone elc.) 1 I, $3000.00 $0.00 $0.00 $0.00 $3000.00 50.00 5000 $0.00 $3000.00 Historical data-McAllister
2.5 Site utilities 6 mo 54000.00 $0.00 $0.00 50.00 524000.00 $0.00 50.00 $0.00 $24000.00 Historical data-McAllister
2.6 Pick-up truck (rental 3 each) 6 mo $2850.00 ~oo 50.00 SO,OO $17100.00 $2700.00 $0.00 $0.00 $19600.00 Historical data-McAllister
2.7 Certillcationiclose-<Jut reports 1 " 57000.00 $2000.00 515000.00 S3 000.00 $7000.00 ~,900.()~15 000.00 $3000.00 $27000,00 Historical d~ta-McAl1ister

3· PERSONNEL AND EQUIPMENT DECON. FACILITIES AND SERVICES
3.1 Personnel deron. trailer 6 mo $1500.00 $0.00 $200.00 50,00 59000.00 $0.00 $1200.00 $0.00 $10200.00 Vendor catalog
3.2 PPE rolloff ront. 6 mo 5500.00 SO.OO 50.00 $0,00 $3000.00 $0.00 $0.00 $0.00 $3000.00 Historical dala-McAllister

4. SITE MANAGEMENT STAFFING
4.1 Site manager 480 he $0.00 SO.OO 536,00 50.00 $0.00 $0.00 $17260,00 $O.OO--Ur 280.00 Historical data-McAllister
4.2 Sile engIneer 960 he $0.00 50.00 $32.00 $0,00 $0.00 $0.00 $30720.00 50.00 530720.00 Hislorical data-McAllister
4.3 Site sup.:ervlsorlforeman 960 he 50.00 $0.00 530.00 50,00 $0.00 $0.00 528800.00 $0.00 $28800.00 Historical data-McAllister
4.4 Sile safety officer 960 he 50.00 $0.00 $25.00 SO.OO $0.00 $0.00 524000.00 SO.OO 524000.00 Historical data-McAllister

5. HOME OFFICE PROJECT MANAGEMENT AND SUPPORT
5.1 Prolect manager 96 he 50.00 $0,00 545.00 $0.00 $0.00 $0.00 ~OO $0.00 54320.00 Historical data-McAllister
5.2 Project agmlnlstralor 180 he $0.00 $0.00 530,00 $0.00 $0.00 $0.00 $5400.00 50.00 55400.00 Historical data-McAllister
5.3 Health and safety director 60 he $0.00 50.00 $35.00 $0.00 $0,00 ~~100.00 50.00 $2100,00 Histori<;J1J data-McAllister
5A Procurementlsubcontractioo 240 he 50.00 50,00 530.00 $0.00 ~.OO 50.00 $7200.00 $0.00 $7200,00 Historical data-McAllister
5.5 Clerical supPOrt 240 he SO,OO $0.00 $12,50 50.00 SO.OO $0,00 S3ooo.oo $0.00 $3000,00 Historical dam·McAlilster

6. REMOVAUWATER TREATMENT

6.1 Beach Debris Remova!ldlsposal al RCRA D Landfill 500 100 $75.00 $0.00 $0.00 $0.00 $37.500.00 $0.00 $0.00 $0.00 $37500 00 Fall River LandfIIJ - $5 for removal and transport,
, . & 570 for dlsoosal

6.2 Nearshore Debris RemovallOlsposal at RCRA 0 Landfill 50 10" 575.00 $0.00 $0.00 $0.00 53,750.00 50.00 $0.00 $0.00 $375000 Fall RIver Landfill. $5 for removal and transport,
• . &~1.!lj.il..po$J!1

6.3 ErosTon control slit boom 3 DOO If $QQO 510.00 S4.00 $4.00 $0.00 $30000.00 $1~000.00 51g,000.00 $54ooo,0Q Hlstolical data-McAllister
6A MobJDemob Ishore based ~!!iP..J 1 " $5000.00 50.00 $0.00 $0.00 S5000.00 $0,00 50,00 $0.00 $5000.00 Vendor Info.
6.5 Slagioo area prel1aration _mplntenance and removal 1 I, $OJlO $1000.00 57000.00 53000.00 $0.00 $1000,00 $7000.00 $3000.00 $11000.00 Vendor Info.
6.6 Teml1erory excavator causeway construction 1 " 54650.00 50.00 so.0O $0.00 $4650.00 $0.00 $0.00 $0.00 $4650.00 Historical data-McAllister
6.7 Temperory Portadam 1 " _~130 368.50 50,00 $0.00 $0.00 $130368.50 $0.00 SO.OO SO.OO 5130368.50 Vendor Quote
6.6 Excavation eguTpment mObJdemob. 1 I, S10OOO.00 $0.00 $0.00 Sooo $10000,00 $0.00 SO.OO $0.00 510000.00 HTslorical data-McAlilster
6.9 Excavalelhaul beach sediments (Includes 20 % bulkino factor) 6859 " S7.00 SO.OO SO.OO 50.00 $48014040 $0.00 $0.00 $0.00 546014.40 E-1703-0217/0232ooo20

6,10 Excavale and halll ne1!rshqre sediments /Includes 20 % bulkl,!m factor) 256 'y S7.00 ~O.OO SO.OO SO.OO $1792.00 $lLoo SO.OO $0.00 §j,79200 &1703-02171023200020
6.11 Dredge wlller treatment 36 day 54 500.00 $0,00 $0.00 $0.00 $160092.00 $0.00 50.00 SO,OO 5160:092.00 Vendor Info,

6.12 Sediment confirmation testing 25 " ~~.OO 50.00 $0.00 $0.00 522075.00 !i:0.00 SO.OO 50,00 $22075.00 HIstorical data-McAlllsler
6.13 Wateraualily lestino 36 day !i:36OO.OO S50.00 $200.00 $150.00 5128073.60 S1778.80 $7115.20 55336040 $142304.00 Hlslorical data-McAllister
6.14 Di~sal/lrans,· RCRA D Landfill 6404 "'" S70.00 $0.00 SO.OO 50.00 $448257,60 50.00 $0.00 $0.00 S448257.60 Vern:lor InfO.
6.15 OisllOsal/trans.· RCRA D Landfill wlst~plJlzal1on 640 "'" $90.00 $0.00 SO.OO ~·90 557633.12 $0.00 $0.00 $0.00 $57633.12 Vendor Info.
~sal/trans.- RCRA C Landfill 71 "'" $120.00 $0.00 §O.OO $9·00 58538.24 $0.00 $0.00 SO.OO $8536.24 Vendor Info./Modelcity NYl
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CAPITAL COST ESTIMATE
SEDIMENT ALTERNATIVE 4 - REMOVAL AND DISPOSAL OPTION A
OFFTA FEASIBILITY STUDY
NAVSTA NEWPORT
NEWPORT, RHODE ISLAND

FINAL

Unit Cost
Material Labor E tti mentItem

7· BACKFILL PLACEMENT
7.1 Beach imported !!.~I!1vel backfill (2 ftl
7.2 Beach screened sand/oravel backfill 12 fll
7.3 Nearshore Imported sa.lliil9rav~! backfill 11 ftl
7.4 Nearshore scr~ened sand/gravel backfill 11 fll
7.5 Water quality monitoring 13 samplesfday)

Subtotal

Total Direct Cost

Subtotal

Total Field Cost

TOTALCDST

Noles
G & A· General and Administrative
DOC· Olher Direct Costs

References used for cost estimates:

5~

1372 cy
205 cy

51 VII

12 day

Overhead on Labor Cost@ 30%
G&AonLaborCost@ 10%

G&AonMateriaICost@10%
G&AonSubcontractCost@ 10%

lndlrects on Total Direct Lab<lr Cost@ 75%
Profit 00 Tolal Direct Cost@ 10%

Heallh & Safety Mol'litoring@ 6%
Cost adjustment for locafioo@ 7%

Cootingeocyon Total Field Cost@ 25%
Engineering on Total Field Cost@ 6%

Subconlract

$0.00
$0.00

~_2S.17

525,17
~3 600.00

$15.00
$0.00

§is.OO
$0.00

$.§0.00

$4.93 511.23
$4.93 ~3

$1.66 50,00
$1.66 SO,OO

$_~150.00

Extended Cost
Subcontract Material Labor

$0.00 $B2 310.40 $27052.66 $61623.05
SO.OO $0.00 $6763,17 $15405.76

S5154.82 $3072.00 $339.97 $0.00
$1288.70 $0.00 $B4.99 $0.00

$42691.20 5592,93 52371.73 $1 n6.60

$1.303.394 $123.454 $201,746 $102.144

$60,524
$20,175

$12,345
$130339

$1.433.734 $135,800 $282.447 $102,144

$211,835

CommenlsfSource

S170 986.14 Vendor Info.
$;2168.93 Vendor tnfo.

S8 566.78 Vendor tnfo.
S1 373.70 Vendor Info.

547434.67 HisloricaWendor

$1,730.740

$60,524
$20,175
$12,345

$130339

$1,954.124

$211,835
$195412

$2.361,372

$141682
$165 296

$2.668.350

$667.087
5160 101

$3.495.538

$3,496,0110

1) Meaos Heavy Construction Cost Data, 2000, R.S. Means Co.• Inc., KIngston, MA
2) EChos Environmental Remediation Unit Cost ,2000. 6th Annual Edilion, Delta Technologies Group, Inc., Englewood, CD
3) Echos Environmental Remediation Assemblies Cost, 1998, 4th Annual Edifion, Delta Technologies Group, Inc., Englewood. CO
4) Historical data based on competitive bids submitted by subcontractors or actual costs at this or other sites.
5) Excavation cost is based on hourly rate of $130.61 for 2CY !rack loader (E2000-17030217); With 300 CYI Bhr. rale Is approxi, $ 3.481CY
6) Costs tor Hauling to staging area are based on $3.491CY (02320-0200). Cost for excavafion and hauling is approx. $7/CY

71912002 V2 OFFTA·Co.IE.I-5ed-4,lIl.



Present Worth Analysis

Sediment Alternative 4 - Removal and Disposal Option A
OFFTA Feasibility Study

NAVSTA Newport

Newport, Rhode Island
07/09/02

PRESENT WORTH ANALYSIS

PRESENT CAPITAL O&M 5-YEAR PRESENT
YEAR WORTH COSTS COSTS COSTS WORTH

FACTOR
(i = 3.9%)

0 1.000 $3,496,000 $3,496,000
1 0.962 $51,857 $49,910
2 0.926 $51,857 $48,037
3 0.892 $51,857 $46,234
4 0.858 $51,857 $44,498
5 0.826 $51,857 $21,500 $60,585
6 0.795 $0 $0
7 0.765 $0 $0
8 0.736 $0 $0
9 0.709 $0 $0

10 0.682 $51,857 $21,500 $50,036
11 0.656 $0 $0
12 0.632 $0 $0
13 0.608 $0 $0
14 0.585 $0 $0
15 0.563 $51,857 $21,500 $41,325
16 0.542 $0 $0
17 0.522 $0 $0
18 0.502 $0 $0
19 0.483 $0 $0
20 0.465 $51,857 $21,500 $34,130
21 0.448 $0 $0
22 0.431 $0 $0
23 0.415 $0 $0
24 0.399 $0 $0
25 0.384 $51,857 $21,500 $28,187
26 0.370 $0 $0
27 0.356 $0 $0
28 0.343 $0 $0
29 0.330 $0 $0
30 0.317 $51,857 $21,500 $23,280

TOTAL PRESENT WORTH = $3,922,222
$3,922,000

Discount rate of 3.9% as per Office of Management and Budget, Circular No. A-94,

FINAL

7/9/2002



FINAL
Tetra Tech NUS Calculation Sheet
Client: Navy CLEAN I FileNo. By: RD, PJ Page 1 of 3
Subject: Assumptions and Cost Basis, Checked by: JD, SSP Date: July 9, 2002
Sediment Alternative 5, OFFTA FS

Sediment Alternative 5: Removal and Disposal Option B

CAPITAL COST ASSUMPTIONS:

1. Pre-Design Investigation (POI)

POI consisting of soil borings/cores advanced to further determine the grain size and nature of the
sediments and to delineate laterai extent of contaminants exceeding the PRGs. Assume 25 soil
borings at an average 5-foot depth with associate analytical costs for PAHs, arsenic, and
geotechnical testing.

Mobilization/demobilization @ $33,750
Sample collection @ $600 each or $15,000
Analytical @ $283/sample for 55 samples including QA/QC samples or $15,565
Data validation $6,600
Reporting @ $5,000
Oversight and management @ $5,500

Total costs approx. =$81,415.

2. Mobilization/Demobilization includes providing office trailers, temporary utilities and sanitary facilities,
delivery and removal of major construction equipment, and providing all other facilities and materials
needed by the management staff.

3. It is assumed that no subgrade preparation will be required prior to dredging/excavating the
contaminated sediments. Large debris and boulders will be removed from the sediments after they have
been dredged, but prior to dewatering.

4. Erosion controls will be provided to reduce migration of sediments during the dredging operations by
means of a silt boom. The silt boom will be anchored in the subtidal area around the perimeter of the
dredge area.

5. Temporary excavator causeway will be constructed at the SD-410 Location to excavate near shore
contaminated sediments. The causeway will be built at a height of 12' (approXimately 2' above the water
level) and will be of graded crushed gravel base. The road will be of 20' wide at the top and 42' at the
base with 1:1 slope. A total of approximately 215 cy of crushed stone (RIDOT R-3) will be required. At a
cost of $21.56 per cy of installed stone (ECHOS 026112205), cost is estimated at $4,650. Excavation
will be carried out using trackhoe with extended reach arm. Wider slopes and additional material that
may be required to shore the causeway would fall within the 25% contingency.

6. A portable cofferdam system (Portadam) will be erected around sampling points OFF-3, OFF-5, and
OFF-6 as shown in Figure 2-4 (three rightmost blue areas). The area will be continuously dewatered
with pumps so that the excavation of the sediments can occur in dry conditions. An estimated 312.5 cy
will be excavated in this manner. It is assumed that the portadam will be installed in two phases.
According to the vendor estimates, it should take 5 days to install phase 1 (OFF-5, 255 ft), 7-8 days to
remove phase I and install phase II (OFF-3 (105 ft) and OFF-6 (150 ftl), and 3-4 days to remove the
structures.

7. Excavation, Backfilling, and Disposal work

Approximately 1.77 acres of area will be dredged to a depth of 2 feet (Beach area) and 0.24
acres of area will be dredged to a depth of one feet (Near shore area including eel grass

07/09/02 OFFTA-Assump-Sed-5.doc



FINAL
Tetra Tech NUS Calculation Sheet
Client: Navy CLEAN I File No. By: RD, PJ Page 2 of 3
Subject: Assumptions and Cost Basis, Checked by: JD, SSP Date: July 9, 2002
Sediment Alternative 5, OFFTA FS

area) to remove contaminated sediment. The volume of contaminated sediments to be
removed from the beach area and the near shore area is approximately 5,716 and 290 cy,
respectively.

It is assumed that OFFTA area will be used as a materials staging, dewatering, and project
office area at no cost. Dewatered dredge spoils will be staged at this area pending transport
to the TSDF/off-site landfill.

It is assumed that over-the-road transport of waste will be done with out any improvements
to the bridge near the site.

Water quality testing will be performed daily during dredging removal activities. It assumed
that three samples would be collected daily from outside of the silt curtain work area.
Samples will be analyzed for PAHs, arsenic, and total suspended solids (TSS).

Dry excavated sediments will be screened and hauled directly to the landfill from the
excavation site. Backfill materials will be placed immediately following removal of the
contaminated sediments.

Access to the work area will be from along the western side of OFFTA Excavation, handling,
and placement of materials will be accomplished using tracked excavators, a wheeled front
end loader, screener, and off-road dump trucks at a rate of 600 cy/day. Costs include a
survey crew to verify grades during placement.

The backfill materials consisting of sand/gravel/stone will be placed over an area
approximately 85,013 SF. Assuming a bulking factor of 20%, approximately 7,234 cy of
backfill will be placed. Also, since 20% of the dredged material (1,447 cy) will be screened
and re-used, only 5,787 cy of material will be required from off-site sources.

Because of low contamination levels, it is assumed that most of the sediment can be
disposed of at RCRA-D landfill. For the estimation purposes, 90% of the sediment (after
backfill) is assumed to be disposed of at RCRA-D landfill, 9% of sediment will need
stabilization after which it would be disposed of at RCRA-D landfill, and 1% of sediment
would be disposed of at TSDF (RCRA-C).

The costs for disposal are as per recent project (Melville Landfill). TSDF disposal (to Model
City, NY) is $120 per ton (as per Carl Tippman of Foster Wheeler) and RCRA-D disposal is
$70 per ton (disposal cost from Fall River Landfill) including transportation.

O&M COST ASSUMPTIONS:

1. Long-term Monitoring:

Long term monitoring will be conducted to assure that remediated areas are not being
recontaminated by other sources and by sediment movement. The iong term monitoring program
will provide data to support the five year review reports. Long term monitoring will be conducted
annually for the first five years, then every five years thereafter.

Analyses:
Sediment chemistry (PAHs, arsenic); 12 samples plus 2 QC samples

07/09/02 OFFTA-Assump-Sed-5.doc



FINAL
Tetra Tech NUS Calculation Sheet
Client: Navy CLEAN I File No. By: RD, PJ Page 3 of 3
Subject: Assumptions and Cost Basis, Checked by: JD, SSP Date: July 9, 2002
Sediment Alternative 5, OFFTA FS

Labor: (1 event/year)
Sediment sampling: Sample collection with equipment and crew = approximately
$485/sample. Collection of 12 samples = $5,820 (QC samples collected at no additional
cost). •
Project mgmt/coord. '" 20 hours/year @ $80/hr (w/O&P) = $1,600
Annual: add $300 M&IE; ODCs & supplies @ $200; & shipping @ $200.
Data Validation $6,969.
Report prep. $6,230.

Total Labor,,$21,119 Per event.

Estimated analytical costs:
Sediment chemistry (PAHs. arsenic) $283/sample @ 12 samples/yr = $3,396

Total Analytical" $3,396 per event.

2. Inspection for Habitat Recovery - annually for the first five years, then every five years thereafter:

Qualitative inspections to be performed by an Marine Biologist: Assume 2 days (8 hr/day) for
inspection and travel and 2 days (16 hr) to prepare an inspection report. 32 hours total @ $80/hr
= $2,560 plus $300 ODCs & travel costs, and $2,000 equipment costs (boat and underwater
video). Total quarterly Inspection costs are $4,860. Total annual costs are $19,440 each event.

3. 5-year reviews at 200 Level of Effort (LOE) @ $100/hr. Approx. $1500 ODCs. Total =$ 21,500 per
event Assumed only one review to occur in year 5 because virtually all sediment > PRGs will be
removed.

07/09/02 OFFTA-Assump-Sed-S.doc



CAPITAl. COST ESTIMATE
SEDIMENT Al.TERNATIVE 5· REMOVAl. AND DISPOSAl. OPTION B
OFFTA FEASIBJUTY STUDY
NAVSTA NEWPORT
NEWPORT, RHODE ISLAND

FINAl.

SO.OO S24OOO.OO Historical data-McAllister

so.oo F 200.00 Historical data-McAllister
SO.OO 53000.00 Historical data-McAllister

Comments/Sour

S;2400.oo Historical data ·300 CY/d
Sl 600.00 Historical data-McAllister

S40OOO.00 Historical data·McAllister
S;3000.oo Historical data_McAllister

S81 415,00 See Assumptions

S24000.OO Historical data-McAllister
S19800.00 Historical data-McAllister
$27000,00 Historical data·McAlllster

$37500 00 Fall River Landflll- $5 for removal and transport, &
, . $70 fordlslIOsal

S3 750 00 Fall River Landfill- $5 for remeval and transport, &
, . S70 for disposal

554000.00 Historical data-McAllister
S5OOO.00 Vender Inlo.

S11 000,00 Venderlnlo.
S4650.00 Historical data-McAllIster

5260 737.00 Vender Quote
S10000.00 HIstorical Q.at~McAlIister

S48014.40 E-1703-02171023200020
S2436.00 E-1703-021710232ooo20

S162 162.00 Vender Inlo.
S22 075,00 Historical dala-McAtlister

5144 144.00 Historical data-McAllister
5454053.60 Vendor Inlo.

S58378.32 Vendor Inlo.
S;8648.64 Vendor InlolModeldty NY)

SO.oo

SO.OO

SO.OO
SO.OO
SO.OO
SO.OO

50,00 $4320.00 Historical data-McAllister
50.00 $2,400.00 Historical data-McAllister
50.00 S21OO.OO Historical data-McAllister

SO.OO S17 280.00 Historical data-McAtIlster
SO.OO S30720.OO Historical data·McAtlister
$0.00 $28800.00 Historical data-McAtlister

SO.OO S10200.00 Vendor catalqg
~p 000.00 Historical data-McAllister

SO.OO
SOJIO

$3000.00

E~tendedCOst
Material Labor

$0,00 $0.00

SMO SO,OO
S;O.OO SO.OO
SO.OO SO.OO
SO.OO SO.OO
$0.00 SO.OO

S2700.00 SO.OO
S2000.00 S15000.00

$0,00 $1200,00
$0.00 SO 00

SO.OO S17 280.00
SO.OO S30720.00
SO.OO $28800,00
$0.00 S24000.00

$0.00 $4320.00
$0.00 $5400.00
50.00 S2100.00
SO.OO S7200.00
SO.OO S3OOO.00

$0.00 SO.OO

50.00 SO.OO 50.00
50.00 $0.00 50.00
50,00 SO.OO SO,OO

S;1 801.8~~5405,40
$0.00 SO 00 50.00
50.00 SO 00 50.00
SO.OO SO.OO SO.oo

SO.OO $0.00 SO.OO

530000.00 S12OOO.00 S;12000.00
SO.OO 50.00 SO.OO

Sl 000.00 57000.00 S3000.00
SO.OO SO.OO SO.OO
50.00 50,00 SO.OO
50.00 50.00 SO.OO
$0.00 $0.00 SO.OO

Unit Cost
Subcontract Material Labor E Iii ment Subcontract

" S81415.oo SO.OO "_.00__$.9.00 $81415.00

6 m, S400.00 50.00 $0.00 $0.00 $2400.00
4 " 5400.00 $0.00 $0.00 $0.00 $1600.00, I, S40OOO.00 $0.00 $0.00 $0.00 S40OOO.00,

" S3OOO.00 $0,00 $0.00 SO.OO S3000.00
6 m, ~000.00 $0.00 $0.00 $0.00 $24000.00
6 m, $2850.00 S450.00 $0.00 SO.OO S17 100.00,

" ~L..ooo.oo S;! 000.00 515000.00 $3000.00 $7 000.00

~ S1500.OO 50.00 5200.00 50.00 $9000.00
m, 5500.00 $0.00 $0.00 $0.00 $3000.00

460 "' ~O.OO $0.00 S36.00 SO.OO SO.OO
000 h, 50.00 SO.OO ~.J;O.OO SO.OO
960 "' 50.00 $0.00 530.00 SO.OO $0.00
960 "' 50.00 $0.00 $25.00 SO.OO SO.OO

96 "' SO.OO SO.OO 545.00 S;O.OO SO.OO
160 h' 50.00 SO.OO 530.00 $0.00 50.00
60 "' $0.00 $0.00 535.00 SO.OO SO.OO

240 "' $0.00 $0.00 $30.00 SO.OO SO.OO
240 h, 50.00 $0.00 $12.50 $0.00 SO.OO

500 '00 $75.00 SO.OO SO.OO $0.00 S37,500.00

50 ,," $75.00 $0.00 $0.00 $0.00 S3,750.00

3000 " 50.00 S10.00 54.00 54.00 SO.OO,
" $5000.00 SO.OO SO.OO SO.OO S5ooo.00,
" SO.OO S1OO0.00 S7000.00 $3000,00 SO.OO, I, $4650.00 5.9.00 ~O.OO SO.OO S4850.00

2 I, S130368.50 50.00 S;0.00 $0.00 $260737.00, I, S10ooo.00 SO.OO SO.OO $0.00 $10000.00
6859 " S7.00 S;O.OO SO.OO SO.OO $48014,4Q
348.0 " $7.00 S;O.OO $0.00 S;O.OO $2436.00

35 dav 54500.00 $0.00 S;O.OO $0.00 S162 162.00
25 " S883.00 $0.00 ~SO.OO S22075.00
35 day S3600.00 550.00 S200.00 $150.00 ~729.60

6486 t~70.oo S;O.OO S;O.OO SO.OO S454 053.60
649 t~90.oo $0.00 S;O.OO $0.00 S58378.32

72 100 $120.00 $0.00 $0.00 $0,00 S8848.64

2· MOBILlZATlOWOEMOBILIZATlON
2,1 Office trailer 11 eachl
2.2 Porlable communication ~y!p'ment sets
2.3 Equipment mob.ldemob. lSYPl!Qri !iSl!!PJ
2.4 Site utility hook-ul!.s Cglectric phone etc.)

4· SITE MANAGEMENT STAFFtNG
4.1 Site manooer
4.2 Site engineer
4.3 Site supervisor/foreman

8.1 Excavate and haul nearshore sediments (Includes 20% bUlking factoO
6.11 Dredoe water treatment

6.12 Sediment confirmation testl[)g
6.13 Water!lYill.!!Ytestioo
8.14 DlslIOsal/lrans. - RCRA 0 Landflll
6.15 DlslIOsal/lrans. - RCRA 0 Landfill w/sta_bilization
6.16 DlslIOsalllrans.- RCRA C Landfill

6,2 Nearshore Debris RemevaVOlsposal at RCRA 0 Landfill

6,3 Erosion control silt boom
6.4 MobiOemob {shore based ~uip.l

6.5 Staging area preparatlen malntenan~ and removal
6.6 Temperorv excavator causeway consll1,!f!!Qn
6.7 Temperorv Portadam
6.8 Excavation equipment mOb.ldemob.
6.9 Excavatelhaul beach sediments (Includes 20% bulking factor)

5.4 ProcuremenVsubcontractl[)g
5.5 Clerical supoort

S· REMOVAl.JWATER TREATMENT

6,1 Beach Debris RemovaVdlsposal at ReRA 0 landfill

l1em

4,4 Site safety omcer
5· HOME OFFICE PROJECT MANAGEMENT AND SUPPORT

5.1 Project manager
5.2 Project administrator
5.3 Health and safety director

1· PRE_DESIGN INVESTlGATION
1.1 SedimenlJsoil borinos and analyses

2.5 Site utllllfes
2.6 Plelt-up tmelt (rental 3 eachl
2.7 Cortificatlonfclose-out rellOrts

3· PERSONNEL AND EQUIPMENT DECON. FACILITIES AND SERVICES
3.1 Personnel dewn. trailer
3.2 PPE rolloff glrlt

7191200Z



CAPITAL COST ESTIMATE
SEDIMENT ALTERNATIVE 5· REMOVAL AND DISPOSAL OPTION B
OFFTA FEASIBILITY STUDY
NAVSTA NEWPORT
NEWPORT, RHODE ISLAND

FINAL

Extended COst
Malerial Labor E ul ment

~O.09~.:!O 195.00 Assumption
~1 601.80 $46048.00 HlslolicaWendor

COmments/Source

$1,Iffl6,695$102,236

$61 623.05 5170986.14 Vendor Info.
515405.76 522 166.93 Vendor lofo,

$0.00 $11645.47 Vendor lofo.
..i2..Q9---?1,!l67.37 Vendor Info.

$O.Q.O
~2402,40

$202,023

527052.68
$6763.17

5462.14
ill§..54

50.00
5600.60

$124,589

$82310.40
50,00

54176,00
50.00

Unit COst
Subcont<ar:t Mat rial Labor E ul ment Suboontrad

5487 " SO.OO S15.OO S4.93 S11.23 so.oo
1372 " SO.OO $0.00 S4.93 $11.23 $0.00
278.4 " $25.17 $15.00 $1.66 $0,00 $7007.33

69.6 " $25.17 $0.00 $1.66 $0.00 S1 751.83
;! 039 ,f $5,00 $0.00 SO.OO SO.OO S10195.00

12 da.L-........$3600.oo S50,00 S200.00 5150.00 S13243.20

51,457,847

!tem

Subtotal

7.6 Eelgrass bells reste;ration
7.5 Water!l!@!lli' monil!l!il!ll..@.iam.J1lesldavl

7· BACKFILL PLACEMENT
7.1 Beach Imported s:and/gravel backfill (2 ftI
7.2 Beach screened sand/gravel backfill (2 III
7.3 Nearshore Imported sand/gravel backfill {1 ft}

7.4 Nearshore screened sandllJ!ilvel backfill (1 III

Ovelhead on Labor Cost@ 30%
G&AonLaborCost@lO%

G&AonMaleriaICOst@ 100/0
G&AonSuboontr.ldCOst@ 10% 5145785

$12,459

$60,607
$20,202

$60,607
$20,202
$12,459

$1457!l5

Total Direct Cost $1,603,632 $137,048 $282,632 $102,236 $2,125,748

IndlredS on Total Direct Labor Cost@ 75%
ProfitonTotalDirectCOst@lO%

$212,124 $212.124
$212515

$ubtotat $2,550,447

Health & Safely Monitoring@ 6%
COst adjustmenl for location@ 7%

Total Flllld Cost

5153027
S178531

$2,662.005

COntingency on Total Field COst@ 25%
Engineering on Total Field COst@ 6%

$120,501
5172920

TOTAl COST $3,715,426

Notes
G &A· General and Administrative
ODe· OIMr Direct COsts

$3,175,000

References used for cost estimates:

1) Means Heavy COns\n.lClion COst Data, 2000, RS. Means Co., Inc., KIngston, MA
2) Echos Environmental RemedIation Unit Cost ,2000, 6th Annual Edillon, Delta Technologies Group, Inc.. Englewood, CO
3) Echos Environmental Remediation Assemblies Cost. 1998, 4th Annual Edition, Delta Technologies Group, Inc.. Englewood, CO
4) Historical data based on competitive bids SUbmilled by suboontr.letors or actual costs at this orolher sites.
5) Excavation cost is based on hourly rate of $130.61 for2CY track loader (E2()(l().17030217): Wllh 300 CY/8hr. rate Is approxi. S 3,481CY
6) COsts for Hauling to staging area are !:lased on $3.49/CY (0232Q-02oo). COst for excavation and hauling Is approx. $7/CY

'2 OFfTA·CootE.H,eec5.>l.



Present Worth Analysis
Sediment Alternative 5 - Removal and Disposal Option B

OFFTA Feasibility Study

NAVSTA Newport
Newport, Rhode Island

07/09/02

PRESENT WORTH ANALYSIS

PRESENT CAPITAL O&M 5-YEAR PRESENT
YEAR WORTH COSTS COSTS COSTS WORTH

FACTOR
(i = 3.9%)

0 1.000 $3,775,000 $3,775,000
1 0.962 $43,955 $42,305
2 0.926 $43,955 $40,717
3 0.892 $43,955 $39,189
4 0.858 $43,955 $37,718

5 0.826 $43,955 $21,500 $54,059
6 0.795 $0 $0
7 0.765 $0 $0

8 0.736 $0 $0
9 0.709 $0 $0

10 0.682 $43,955 $0 $29,981
11 0.656 $0 $0
12 0.632 $0 $0

13 0.608 $0 $0
14 0.585 $0 $0
15 0.563 $43,955 $0 $24,761

16 0.542 $0 $0
17 0.522 $0 $0
18 0.502 $0 $0
19 0.483 $0 $0
20 0.465 $43,955 $0 $20,450
21 0.448 $0 $0
22 0.431 $0 $0
23 0.415 $0 $0
24 0.399 $0 $0
25 0.384 $43,955 $0 $16,890
26 0.370 $0 $0
27 0.356 $0 $0
28 0.343 $0 $0
29 0.330 $0 $0
30 0.317 $43,955 $0 $13,949

TOTAL PRESENT WORTH - $4,095,019
$4,095,000

Discount rate of 3.9% as per Office of Management and Budget, Circular No. A-94,

FINAL

7/10/2002 OFFTA-PW-Sed-5.xls
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Groundwater Model for Contaminant Removal by Flushing

The Feasibility Study Report presents alternatives for the removal of contaminated soils from
the OFFTA site. Once the source material is removed, infiltrating recharge water and
upgradient groundwater will flush out the residual contamination in the aquifer beneath the site.
A continuous flushing model (Brusseau, 1996) was developed to estimate the time reqUired for
the natural system to flush out contaminants of concern ,after the source material has been
removed. The continuous flushing model is an analytical solution to the governing equation for
a mixed reactor system with linear reversible sorption. It was used to estimate the time required
for groundwater concentrations of benzene, 2-methylnaphthalene, naphthalene, arsenic, lead,
and manganese to reach cleanup levels everywhere within the fenced boundaries of the OFFTA
site. (Even though arsenic was not selected as a contaminant of concern, it was included in the
model because of its contribution to the site risk and its proposed MCl of 10 ug/L.)

The continuous flushing model assumes:
• the aquifer is homogenous and isotropic,
• groundwater flow is one-dimensional and steady state,
• sorption is linear, reversible, and rapid,
• the aquifer behaves as a mixed flow reactor, and
• the source material is contained within the fenced portion of the OFFTA site.

Definitions of input parameters and rationales used to select parameter values are outlined in
Tables 1 and 2. The model output is presented in the last column of Table 3. According to the
continuous flushing model, the estimated cleanup times for benzene, 2-methylnaphthalene,
naphthalene, arsenic, lead, and manganese are 2 years, 19 years, 16 years, 70 years, 182
years, and 676 years, respectively. The model predicts that it takes only 315 days (0.86 years)
to flush one pore volume of water through the OFFTA groundwater system. The contaminants
are not completely removed from the system after 315 days, because they are present both in
the groundwater and on the aquifer surfaces. Moreover, the cleanup times are not the same for
all contaminants, because the contaminants differ in their propensity to sorb to the aquifer
surfaces. The affinity of a contaminant for mineral surfaces and grain coatings is reflected in the
value of the distribution coefficient (Kd). Contaminants with large Kds tend to partition to the
aquifer solids and are flushed out of the system relatively slowly. Contaminants with small Kds
tend to partition to the groundwater and are flushed out of the system relatively rapidly. The
affinity of a contaminant for mineral surfaces and grain coatings is governed by many factors
including: the chemical character of the solute, the composition of the aquifer's solid surfaces,
and the groundwater chemistry.

Nonionic organic contaminants such as benzene and naphthalene tend to prefer organic
surfaces to mineral surfaces or water. Their Kds are based on the solubility of the compound
and the quantity of organic carbon coating the aquifer surfaces (foc). Benzene is flushed out of
the OFFTA groundwater system more rapidly than naphthalene because it is more soluble in
water.

The mobility of arsenic and lead in groundwater is primarily a function of the types of complexes
formed in solution, the affinities of the contaminants for the aquifer solids, and the solubilities of
minerals containing the contaminants. The mobility of lead is limited in most natural waters
because: 1) several insoluble lead minerals can control its solubility over a broad range of pH
and solution compositions, and 2) lead has a strong affinity for clay, organic matter, and oxide
surfaces. lead mobility decreases as pH increases, because lead is a cation and the net
charge on organic matter, oxide, and pH-dependent clay surfaces becomes more negative as



pH increases. Groundwater beneath the OFFTA site has a near neutral pH, so lead tends to
partition to the solid phase and is flushed out of the system very slowly.

The partitioning behavior of arsenic is more complex. Arsenic can occur in a variety of valence
states. Under oxidizing to mildly reducing conditions in the pH range of 4 to 9, the dominant
species is As(V). The mobility of As(V) in groundwater is controlled by adsorption onto oxide
particles and grain coatings. If the adsorption capacity of these surfaces is not surpassed,

•As(V) movement will be strongly retarded by its high affinity for these surfaces. Since As(V)
occurs in groundwater as an anion, its affinity for oxide surfaces increases as the pH of the
system decreases.

Under more reducing conditions As(llI) is the dominant species. As(lII) sorbs less strongly to
oxide surfaces than does As(V), so it is more mobile. If the redox potential is low enough,
metal oxides may no longer be stable and As(llI) mobility may be even greater. However, if
hydrogen sulfide is present in a strong reducing environment, dissolved arsenic concentrations
will be limited by the precipitation of arsenic sulfides.

Groundwater pH and dissolved oxygen concentrations were monitored during low flow sampling
in 1997. In nearly all of the sampled monitoring wells, solution pH ranged from 6.5 to 7.5, and
dissolved oxygen readings were less than 1.0 mg/L. These measurements indicate the
groundwater generally has a near neutral pH and a fairly low redox potential. It is not clear
whether the redox potential is low enough to reduce arsenic to the +3 state, but even if arsenic
is in the +5 state it will be relatively mobile because it sorbs less strongly to oxides in nonacidic
environments. Spitz and Moreno (1996) list three distribution coefficients for arsenic in
noncalcareous sandy and loamy soils: 0.005 fl3/kg, > 1.38 fl3/kg, and> 2.76 fl3/kg. Arsenic at
the OFFTA site was modeled with a Kd value of 0.276 fl3/kg to reflect its relative mobility in
groundwater with a near neutral pH and a fairly low redox potential.

The estimated cleanup times listed in Table 3 are based on average values for several
hydrogeologic parameters. Actual cleanup times will vary across the site due to variations in
travel distances, hydraulic gradients, and soil properties. Residual contamination near the
interior of the site will tend to take longer to flush through the system than contamination near
the shoreline. Contaminants traveling along flow paths with relatively low hydraulic gradients
will tend to be flushed out of the system more slowly than those traveling along paths with
steeper gradients. Contaminants should flush more quickly through the coarse sands and
gravels at the site, because these soils usually have high hydraulic conductivities and low
organic carbon and oxide grain coating contents. By contrast, contaminants should be flushed
out of the till and silt units more slowly, because they tend to have relatively low hydraulic
conductivities and high organic carbon and oxide grain coating contents. [The flushing model
assumes all soils are fine to medium sands with silt and gravel, since this is the dominant soil
type at the OFFTA site (TtNUS, 2001 ).]

The flushing model results are very sensitive to changes in the hydraulic conductivity, hydraulic
gradient, and distribution coefficient. Order of magnitude changes in anyone of these three
input parameters, produces order of magnitude changes in predicted cleanup times.
Fortunately, the hydraulic conductivity and hydraulic gradient values used in the model are fairly
well constrained, because they are based on site-specific measurements. On the other hand,
there are no site-specific data to constrain the distribution coefficients used to represent the
sorptive behavior of the contaminants. It is uncertain how well the literature values used in the
model represent the actual foe and ~ values for the OFFTA soils and contaminants. If site



specific foe and Kd data were collected and incorporated into the model, it would reduce the
uncertainties associated with the model results and improve estimates of cleanup times.

Summary

A continuous flushing model was developed for the OFF1;A site in order to estimate the time
required for the natural system to flush residual contamination out of the aquifer after the
overlying contaminated soils have been removed. According to the model, the estimated
cleanup times for benzene, 2-methylnaphthalene, naphthalene, arsenic, lead, and manganese
are 2 years, 19 years, 16 years, 70 years, 182 years, and 676 years, respectively. The long
cleanup times for arsenic, lead, and manganese are due to their propensity to partition to the
aquifer soils and resist flushing. Although pumping and treating the contaminated groundwater
would accelerate flushing, sorption/desorption processes would limit improvements in cleanup
times.



Table 1

Koe [L3/M] organic carbon partition coefficient

foe [ ] fraction of organic carbon

KJ [L3/M] distribution coefficient

Bd [M/L3
] soil bulk density

n [ ] soil porosity

R [ ] retardation factor

Ct [M/L3
] cleanup target concentration

Co [M/L3
] initial concentration

Ap [L2
] area of contaminated groundwater in plan view

b [L] aquifer thickness

Va [L3
] volume of contaminated groundwater (Le. pore volume)

p [L] perimeter of downgradient edge of plume

~ [L2
] discharge area

[ ] horizontal hydraUlic gradient

K [LIT] hydraulic conductivity

Q [L31T] discharge

Tt [ ] number of pore volumes required to reach cleanup target

= R -In C';Co

t, [T] hydraulic residence time

tt [T] time required to reach cleanup target

= t,*Tt

= (VJQ Tt



Table 2

Koe The organic carbon partition coefficients for benzene and naphthalene
were obtained from laboratory measurements (Karickhoff et aI., 1979;
Rogers et aI., 1980; Chiou et aI., 1983)!

foe The fraction of soil organic carbon was estimated from published
measures of foe for similar soils (USEPA, 1998).

Kd Distribution coefficients for benzene and naphthalene were calculated
from their Koe and foe values. Distribution coefficients for arsenic and lead
were derived from published adsorption data (Davis et aI., 1993; Spitz and
Moreno, 1996).

Bd Soil bulk density was estimated from published measures of Bd for similar
soils (USEPA, 1998).

n Soil porosity was estimated from published measures of n for similar soils
(USEPA,1998).

Ct Cleanup target concentrations were U.S. EPA MCLs for arsenic and
benzene, the U.S. EPA action level for lead, and the RIDEM GA
groundwater objective for naphthalene.

Co Initial contaminant concentrations were based on 1997 unfiltered, low flow
groundwater sampling results. The model used the maximum detected
concentration for arsenic, benzene, and naphthalene, because only 2 of
the 15 groundwater samples contained detectable concentrations of these
contaminants. The model used the mean detectable concentration for
lead, since lead was detected in 10 of the 15 samples.

Ap The model assumes the area of contaminated aquifer in plan view is the
area inside the fenced portion of the OFFTA site.

b The model assumes the overbuden aquifer is 15 feet thick. The sensitivity
analysis demonstrates the cleanup time is not affected by the value
selected for aquifer thickness.

P The discharge perimeter is the length of the shoreline within the fenced
portion of the OFFTA site.

The mean horizontal hydraulic gradient was computed from values
presented in the OFFTA RI report (TtNUS, 2001). The mean horizontal
hydraulic gradient used in the model was the average of the high tide and
low tide gradients for January 1994 and July 1994.

K The overburden hydraulic conductivity was taken from the OFFTA RI
report (TtNUS, 2001).



Table 3

Arsenic 45.3 0.25 10 49.8 2.0E+OS 15 735000 15 0.01 1040 15600 2340 0.276 51 B2 70

I.oad 45.3 0.25 15 29 2.0E+05 15 735000 1$ 0,01 1040 15600 2340 1.766 321 212 182 -
Manganese 45.3 0.25 291 3367 2.0E+05 15 735000 15 0.01 1040 15600 2340 1.766 321 786 67.

2·Methylnapthalono 300.61 0.001 45.3 0.25 128 190 2.0E+05 15 735000 15 0.01 1040 15600 2340 0.301 55 22 19

Naphthalene 45.49 0.001 45.3 0.25 20 150 2.0E+05 15 735000 15 0.01 1040 15600 2340 0.045 9 19 16
Benzene 2.23 0,001 45.3 0.25 5 33 2.0E+OS 15 735000 15 0.D1 1040 15600 2340 0.002 1 3 2
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OBJECTIVE:

ASSUMPTIONS:

Model for contaminant removal by flushing

Determine the number of pore volumes and the lime required for contaminant to reach the cleanup target.

Aquifer is homogenious and isotropic.
Groundwater flow is steady state.
Sorption is linear, reversible, and rapid.
Aquifer is a perfectly mixed flow reactor (Le. incoming clean water mixes completely

within the aquifer in a time interval that is small relative to the hydraulic residence time).

DEFINITIONS:

Tt = R[ -In (CVeo)]

It = tr'Tt = (Vo/Q)Tt

Koc = organic carbon partition coefficient [LJ/Mj
foe =fraction organic carbon [dimensionless]
Kd =distribution coefficient [LJ/M}
Bd =soil bulk density [MILJ]
n = porosity [dimensionless]
R =retardation faclor [dimensionless]
Ct = Cleanup target [M/Lj
Co =initial concentration [MILJ]
Ap =area of contaminated groundwater in plan view (Ll]

b = aquifer thickness [L]
Vo = volume of contaminated groundwater associated with aquifer (pore volume) [L~]

P = perimeter of downgradient edge of plume [L]
Ad = discharge area [Ll]

1= hydraulic gradient in horizontal direction perpendicular to equipotentials [dimensionless]
K = hydraulic conductivity [LfTl
Q = discharge [L~fT]

Tt =Number of pore volumes required to reach cleanup target (dimensionless]
tr =hydraulic residence time (T]
It =time required to reach cleanup target (T]

Arsenic 45.3 0.25 10 49.8 2.0E+05 15 735000 15 0.01 1040 15600 2340 0.276 51 82 70
lead 45.3 0.25 15 29 2.0E+05 15 735000 15 0.01 1040 15600 2340 1.766 321 212 182

Manganese 45.3 0.25 291 3367 2.0E+05 15 735000 15 0.01 1040 15600 2340 1.766 321 786 676
2-Methylnapthalene 300.61 0.001 45.3 0.25 128 190 2.0E+05 15 735000 15 0.01 1040 15600 2340 0.301 55 22 19

Naphthalene 45.49 0.001 45.3 0.25 20 150 2.0E+05 15 735000 15 0.01 1040 15600 2340 0.045 9 19 16
Benzene 2.23 0.001 45.3 0.25 5 33 2.0E+05 15 735000 15 0.01 1040 15600 2340 0.002 1 3 2

REFERENCES: Brusseau, M.L.. 1996. Evaluation of Simple Methods for Estimating Contaminant Removal by Flushing. Ground Water, 34(1) p. 19-22.



SOLUTION FOR MAXIMUM DRAWDOWN (S max.) IN A
FULLY PENETRATING PUMPING WELL AT MAXIMUM DISCHARGE

(from M.J. Gefe", et ai, GROUNDWATER, MAY..JUNE, 1994)

S max. = {.b+I.[b2.4acjO.5}/2a

a = [1/In(R1r)] where

b = ·2{r+[H/ln(R1r)]}

c = 2rH

S max. = maximum' water-table drawdown, ft
R = estimated radius of influence, ft
r = weli effective radius, or radius of borehole wi filter

pack,ft
H =aquifer saturated thickness, ft
K = horizontai hydraulic conductivity, ftIday

Newport OFFTA
r= 0.42
H= 15
K 15
R= 201
a= 0.162

b- -5.702

c= 12.6

S max. = 2.37

(KOZENY, 1953) SOLUTION FOR MAXIMUM GRAVITY DRAINAGE INTO A
FULLY PENETRATING PUMPING WELL AT MAXIMUM DRAWDOWN

(from M.J. Gefe", et ai, GROUNDWATER, MAY..JUNE, 1994)

Q max. = AKi = 2(3.14)rhK Q max. = maximum pumping rate at total drawdown in weli, gpm
A =surface area of seepage face into weli, ftA2
K =aquifer hydraulic conductivity, ftIday
i = 1, unit hydrauiic gradient with steady state gravity drainage
r = weli effective radius, or radius of borehole wi fliter pack, ft
h = saturated thickness at weli, or height of seepage face into weli, ft
h = H - S max., ft (see calculation above for S max.)

Newport OFFTA
K= 15
r= 0.42

forh, h, feet I Q, gpm
Q= 12.63 I 2.60

Drawdown and Rate.xls Page 1 9/4/2002



GROUNDWATER FLOW MODEL INPUTS
Newport OFFTA - Eight Recovery Wells Scenario

Model Used: EPA WHPA - MWCAP (EPA, Office of Groundwater, version 2.0, March
1991) .

UNITS USED FOR SIMULATION 1
o METERS AND DAYS
1 = FEET AND DAYS

COORDINATE LIMITS OF STUDY AREA
XMIN -750.00
XMAX 750.00
YMIN -500.00
YMAX 250.00

MAXIMUM STEP LENGTH 10.00

NUMBER OF WELLS = 8

WELL NUMBER

X COORDINATE
Y COORDINATE

WELL DISCHARGE
TRANSMISSIVITY

HYDRAULIC GRADIENT
ANGLE OF AMBIENT FLOW

AQUIFER POROSITY
AQUIFER THICKNESS

BOUNDARY TYPE
DISTANCE FROM WELL TO BOUNDARY

ORIENTATION OF LOCAL COORDINATE SYSTEM
SELECTED CAPTURE ZONE OPTION

TRAVEL TIME VALUE
NUMBER OF PATHLINES

1

-393.7
210.0
250.0
225.0

0.010000
90.00

0.25
15.00

STREAM BOUNDARY
40.00

270.00
HYBRID

730.00
8

WELL NUMBER

X COORDINATE
Y COORDINATE

WELL DISCHARGE
TRANSMISSIVITY

HYDRAULIC GRADIENT
ANGLE OF AMBIENT FLOW

AQUIFER POROSITY
AQUIFER THICKNESS

BOUNDARY TYPE
DISTANCE FROM WELL TO BOUNDARY

ORIENTATION OF LOCAL COORDINATE SYSTEM
SELECTED CAPTURE ZONE OPTION

TRAVEL TIME VALUE
NUMBER OF PATHLINES

2

-281. 2
210.0
250.0
225.0

0.010000
90.00

0.25
15.00

STREAM BOUNDARY
40.00

270.00
HYBRID

730.00
8

WELL NUMBER

X COORDINATE =

3

-168.7



Y COORDINATE
WELL DISCHARGE
T=SMISSIVITY

HYDRAULIC GRADIENT
ANGLE OF AMBIENT FLOW

AQUIFER POROSITY
AQUIFER THICKNESS

BOUNDARY TYPE
DISTANCE FROM WELL TO BOUNDARY

ORIENTATION OF LOCAL COORDINATE SYSTEM
SELECTED CAPTURE ZONE OPTION

TRAVEL TIME VALUE
NUMBER OF PATHLINES

210.0
250.0
225.0

0.010000
90.00

0.25
15.00

STREf'M BOUNDARY
40.00

270.00
HYBRID

730.00
8

WELL NUMBER 4

X COORDINATE
Y COORDINATE

WELL DISCHARGE
T=SMISSIVITY

HYDRAULIC GRADIENT
ANGLE OF AMBIENT FLOW

AQUIFER POROSITY
AQUIFER THICKNESS

BOUNDARY TYPE
DISTANCE FROM WELL TO BOUNDARY

ORIENTATION OF LOCAL COORDINATE SYSTEM
SELECTED CAPTURE ZONE OPTION

TRAVEL TIME VALUE
NUMBER OF PATHLINES

-56.2
210.0
250.0
225.0

0.010000
90.00
0.25

15.00
STREAM BOUNDARY

40.00
270.00

HYBRID
730.00

8

WELL NUMBER 5

X COORDINATE
Y COORDINATE

WELL DISCHARGE
T=SMISSIVITY

HYDRAULIC GRADIENT
ANGLE OF AMBIENT FLOW

AQUIFER POROSITY
AQUIFER THICKNESS

BOUNDARY TYPE
DISTANCE FROM WELL TO BOUNDARY

ORIENTATION OF LOCAL COORDINATE SYSTEM
SELECTED CAPTURE ZONE OPTION

TRAVEL TIME VALUE
NUMBER OF PATHLINES

56.2
210.0
250.0
225.0

0.010000
90.00

0.25
15.00

STREAM BOUNDARY
40.00

270.00
HYBRID

730.00
8

WELL NUMBER

X COORDINATE
Y COORDINATE

WELL DISCHARGE
T=SMISSIVITY

HYDRAULIC GRADIENT
ANGLE OF AMBIENT FLOW

AQUIFER POROSITY

6

168.7
210.0
250.0
225.0

0.010000
90.00

0.25



WELL NUMBER

AQUIFER THICKNESS
BOUNDARY TYPE

DISTANCE FROM WELL TO BOUNDARY
ORIENTATION OF LOCAL COORDINATE SYSTEM

SELECTED CAPTURE ZONE OPTION
TRAVEL TIME VALUE

NUMBER OF PATHLINES

X COORDINATE
Y COORDINATE

WELL DISCHARGE
TRANSMISSIVITY

HYDRAULIC GRADIENT
ANGLE OF AMBIENT FLOW

AQUIFER POROSITY
AQUIFER THICKNESS

BOUNDARY TYPE
DISTANCE FROM WELL TO BOUNDARY

ORIENTATION OF LOCAL COORDINATE SYSTEM
SELECTED CAPTURE ZONE OPTION

TRAVEL TIME VALUE
NUMBER OF PATHLINES

15.00
STREAM BOUNDARY

40.00
270.00

HYBRID
730.00

8

,
7

281.2
210.0
250.0
225.0

0.010000
90.00
0.25

15.00
STREAM BOUNDARY

40.00
270.00

HYBRID
730.00

8

WELL NUMBER 8

X COORDINATE
Y COORDINATE

WELL DISCHARGE
TRANSMISSIVITY

HYDRAULIC GRADIENT
ANGLE OF AMBIENT FLOW

AQUIFER POROSITY
AQUIFER THICKNESS

BOUNDARY TYPE
DISTANCE FROM WELL TO BOUNDARY

ORIENTATION OF LOCAL COORDINATE SYSTEM
SELECTED CAPTURE ZONE OPTION

TRAVEL TIME VALUE
NUMBER OF PATHLINES

393.7
210.0
250.0
225.0

0.010000
90.00

0.25
15.00

STREAM BOUNDARY
40.00

270.00
HYBRID

730.00
8
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SUBJECT: Design Extraction Well System for Groundwater Plume Capture, OFFTA Site
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PPROBLEM:

Design a system of groundwater extraction wells with a capture zane sufficient to mitigate the
groundwater plume area at the OFFTA site. Based on the monitoring wells that exceed the PRGs for
groundwater, almost the entire OFFTA site is underlain by impacted groundwater. Therefore it is
necessary for the capture zone to encompass most of the site.

DATA:

Data presented in the RI Report were used to select aquifer parameters required to model the effects of
groundwater extraction wells On the surficial aquifer. The model inputs are listed on the "Groundwater
Flow Model Inputs" sheet following this calculation sheet. Prior to modeling, the "maximum gravity
drainage for a fully penetrating well" in the surficial aquifer was estimated to limit the proposed pumping
rate to be modeled (see following sheet). This calculation indicated that the upper limit of pumping would
be about 2.6 gpm per well (for noninterfering wells). However, anecdotal evidence from experience at
the site suggests that a pumping rate of 2.6 gpm per well would be difficult to sustain. Half of that
amount, 1.3 gpm, was therefore used to estimate the capture zone. In addition to the pumping rate, the
"radius of influence" (required for estimating the maximum gravity drainage) for pumping conducted in
the surficial aquifer was estimated using an analytical solution (see following sheet).

MODEL:

The Multiple Well Capture Zone Module (MWCAP) computational code provided in the US EPA WHAP,
"A Modular Semi-Analytical Model for the Delineation of Wellhead Protection Areas", Office of Ground
Water, March 1991, was used to simulate the capture zone for groundwater extraction wells proposed in
Groundwater Alternative 3. The MWCAP code delineates steady-state, time-related or hybrid capture
ZOnes for pumping wells in homogeneous aquifer with steady and uniform ambient ground-water flow.
The code can simulate the effects of a nearby body of water (e.g., Narragansett Bay) where groundwater
is discharging. However, the effects of well interference in multi-well systems are ignored and each well
is assumed to operate independently of each other. The two major assumptions for the MWCAP code
are 1) flow in the aquifer is at steady state, and 2) flow in the aquifer is horizontal. For the problem at
OFFTA, both of these assumptions are reasonable. And, if the well spacing avoids aggressive
overlapping of each well's capture zone, then little error should be introduced by the model's assumption
of independent extraction wells.

RESULTS:

Professional judgement, trial and error, and the model simulations were used to determine the final
scenario of eight extraction wells at OFFTA. The goal was to balance the number of wells with the
pumping rate required to capture the plume.

Several combinations of pumping rate and number of extraction wells were simulated. The MWCAP
model was run for two years to estimate the capture zone over time. The model simulation is shown On
the following figure. As shown on the figure, an extraction rate of 1.3 gpm at each of eight extraction
wells is sufficient to capture the groundwater flowing beneath OFFTA (I.e., as indicated by overlapping
capture zones). Significant interference by induced flow from the Narragansett Bay is not indicated by
the model simulation.



CALCULAnON WORKSHEET
NUS

CONCLUSIONS:
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Page 2 of 2

A pumping rate of 1.3 gpm for each of eight recovery wells located across the northern perimeter of
OFFTA should be sufficient to capture a potential groundwater plume that underlies all of the site. The
capture zones of each well will begin to overlap at steady state, assuming no significant recharge, and
well interference may increase the capture zone. In addition, no affects from Narragansett Bay are
anticipated. I

The simulated capture zone indicates that all of the water (i.e., one pore volume) beneath the
contaminated area of OFFTA can be extracted within approximately 2 years of pumping. A pilot pump
test should be performed at OFFTA to validate the aquifer parameters used in the modeling and to
support the final extraction well design.



FIGURE F-1
RECOVERY WELL CAPTURE ZONE

FEASIBILITY STUDY
OLD FIRE FIGHTING TRAINING AREA

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

• 8 recovery wells pumping at 1.3 gpm each

• steady-state capture zone at 2 years shown
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